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(54) Optical integrated circuit and method for fabricating the same 



(57) A semiconductor waveguide layer (15) is pro- 
vided in an optical semiconductor integrated circuit 
device comprising a passive region (101) having at least 
a branch (2) and an active region (1 02) having at least a 
laser diode connected to the branch (2) and at least a 
photo-diode connected to the branch (2), The active 
region (102) is in contact with the passive region (101). 
The waveguide layer (15) selectively extends over the 
passive region (101) and the active region (102). The 
semiconductor waveguide layer (1 5) in the active region 
(102) has a wavelength composition larger than that in 
the passive region (1 01). The waveguide layer (15) has 
a semiconductor crystal structure which is continuous 
not only over the active and passive regions (102,101) 
but also at a boundary between the active and passive 
regions (102,101). 
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Description 

The present invention relative to a semiconductor 
optical device, and more particularly to an optical inte- 
grated circuit with an improved waveguide layer and a s 
method for fabricating the same. 

One of the conventional optical integrated circuit 
was reported by R. Matz et al. in Post Deadline Paper 
PD1-1, "Integrated Photonics Research 94". A structure 
of this device is illustrated in FIG. 1 . This device utilizes io 
a wavelength division multiplexing directional coupler 
but is not suitable for concurrent multiple media commu- 
nications. 

Another conventional optical integrated circuit was 
reported by Williams et al. in Electronics Letters vol. 30, is 
pp. 1529 (1994). A structure of this device is illustrated 
in FIG. 2. This device utilizes a wavelength division mul- 
tiplexing Mach-Zehnder coupler for concurrent multiple 
media communications but have a sufficiently large size 
for limiting the required scaling down of the device. so 

Accordingly, it is an object of the present invention 
to provide an improved optical integrated circuit device 
free from any substantive coupling loss. 

It is a further object of the present invention to pro- 
vide an improved optical integrated circuit device with a 2S 
small size. 

It is a further more object of the present invention to 
provide an improved optical integrated circuit device 
with a small size. 

The above and other objects, features and advan- so 
tages of the present invention will be apparent from the 
following descriptions. 

The present invention provides a semiconductor 
waveguide layer provided in an optical semiconductor 
integrated drcuit device comprising a passive region 35 
having at least a branch and an active region having at 
least a laser diode connected to the branch and at least 
a photo-diode connected to the branch. The active 
region is in contact with the passive region. The 
waveguide layer selectively extends over the passive 40 
region and the active region. The semiconductor 
waveguide layer in the active region has a wavelength 
composition larger than that in the passive region. The 
waveguide layer has a semiconductor crystal structure 
which is continuous not only over tiie active and passive 45 
regions but also at a boundary between the active and 
passive regions. 

In order to obtain this continuous semiconductor 
crystal structijre even across tiie boundary between the 
active and passive regions, the waveguide layer has so 
been formed by a selective semiconductor crystal 
growtii using a dielectric mask pattern being provided 
on the semiconductor substrate and extending over the 
active and passive regions. The dielectric mask pattern 
comprises at least a pair of stripe like dielectric films ss 
having a gap between them. Each of the stripe like die- 
lectric films has a larger width in the active region tiian 
that in the passive region. 

The present invention provides an optical semicon- 



ductor integrated circuit device comprising a semicon- 
ductor substrate having a passive region and an active 
region, and a ridged structure constituting at least a 
branch selectively extending over the passive region, at 
least a laser diode selectively extending over the active 
region and at least a photo diode selectively extending 
over the active region. The ridged structure includes a 
semiconductor waveguide layer sandwiched between 
optical confinement layers. The semiconductor 
waveguide layer in the active region has a wavelength 
composition larger tiian that in tiie passive region. The 
waveguide layer has a semiconductor crystal structure 
which is continuous not only over the active and passive 
regions but also at a boundary between the active and 
passive regions. 

In order to obtain this continuous semiconductor 
crystal structure even across the boundary between the 
active and passive regions, the ridged structure has 
been formed by a selective semiconductor crystal 
growtii using a dielectric mask pattern is provided on 
the semiconductor substrate and extends over the 
active and passive regions. The dielectric mask pattern 
comprises at least a pair of stripe like dielectric films 
having a gap between them. Each of the stripe like die- 
lectric films has a larger width in the active region than 
that in the passive region. 

The present invention provides a metiiod of crystal 
growth for a semiconductor waveguide layer provided 
over a semiconductor substrate for an optical semicon- 
ductor integrated circuit device comprising a passive 
region having at least a branch and an active region 
having at least a laser diode connected to the branch 
and at least a photo-diode connected to tiie branch, and 
tiie active region being in contact with the passive 
region. The waveguide layer selectively extends over 
tine passive region and the active region, and the semi- 
conductor waveguide layer in the active region having a 
wavelength composition larger than that in tiie passive 
region. The method comprises the following steps. A 
dielectric mask pattern is provided on the semiconduc- 
tor subsfrate. The dielectric mask pattern extends over 
the active and passive regions. The dielectric mask pat- 
tern comprises at least a pair of stripe like dielectric 
filrns having a gap between ttiem. Each of the stripe like 
dielectric films have a larger width in the active region 
than that in the passive region. Thereafter, a selective 
semiconductor crystal growth is carried out by use of 
tiie dielectric mask pattern to grow the waveguide layer 
having a semiconductor crystal structure which is con- 
tinuous not only over the active and passive regions but 
also at a boundary between the active and passive 
regions. 

Preferred embodiments of the present invention will 
be described in detail with reference to the accompany- 
ing drawings. 

FIG. 1 is a perspective view illustrative of a conven- 
tional optical integrated circuit device. 

FIG. 2 is a perspective view illustrative of another 
conventional optical integrated circuit device. 
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FIG. 3 is a perspective view illustrative of a metal 
organic chemical vapor deposition process. 

FIG. 4 is a diagram illustrative of a wavelength com- 
position of a bulk waveguide layer versus a nnask width. 

FIG. 5 is a diagram illustrative of a wavelength com- 
position of a multiple quantum well waveguide layer ver- 
sus a mask width. 

FIG. 6 is a perspective view illustrative of an optical 
integrated circuit device with an improved waveguide 
layer in the first embodiment according to the present 
invention. 

FIG. 7A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A* line in FIG. 6 in 
the first embodiment according to the present invention. 

FIG. 7B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 6 in the first embodiment 
according to the present invention. 

FIG. 7C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C* line in FIG. 6 in the first embodiment according 
to the present invention. 

FIG. 7D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line in FIG. 6 In the first embodiment according 
to the present invention, 

FIGS. 8A through 5D are perspective views illustra- 
tive of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer In the first embodiment according to the present 
invention. 

FIG. 9 is a diagram illustrative of wavelength com- 
position of the semiconductor layer versus the dielectric 
mask width used for the metal organic chemical vapor 
deposition. 

FIG. 10 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the second embodiment according 
to the present invention. 

FIG. 1 1 A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
wavelength division multiplexing directional coupler in 
the optical integrated circuit device with an improved 
waveguide layer, along an A-A* line in FIG. 10 in the sec- 
ond embodiment according to the present invention. 

FIG. 1 1 B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.30 M m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG. 10 in the second embodiment 
according to the present invention. 



FIG. 1 1 C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 

5 an C-C line in FIG. 10 in the second embodiment 
according to the present invention. 

FIG. 1 1 D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 m monitor photo-diode 4 in the optical integrated 

10 circuit device with an improved waveguide layer, along 
an D-D* line in FIG. 10 in the second embodiment 
according to the present invention. 

FIG. 1 1 E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 

15 1 .55 ^1 m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E* line in FIG. 10 in the second embodiment 
according to the present invention. 

FIGS. 12A through 12D are perspective views illus- 

so tratlve of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the second embodiment according to the 
present invention. 

FIG. 13 is a perspective view illustrative of an opti- 

25 cal integrated circuit device with an improved 
waveguide layer in the third embodiment according to 
the pr^ent invention. 

FIG. 14A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 

30 wavelength division multiplexing directional coupler in 
the optical integrated circuit device with an improved 
waveguide layer, along an A-A' line in FIG. 13 in the 
third emkjodiment according to the present invention. 
FIG. 14B is a fragmentary cross sectional elevation 

35 view illustrative of an internal layered structure of the 
1 .30 |i m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIQ. 13 in the third embodiment 
according to the present invention. 

40 FIG. 14C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 13 in the third embodiment accord- 

45 ing to the present invention. 

FIG. 14D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 \i m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 

so an D-D' line In FIG. 13 in the third embodiment accord- 
ing to the present invention. 

FIG. 14E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .55 M m receiver photo-diode 6 in the optical integrated 

55 circuit device with an improved waveguide layer, along 
an E-E* line in FIG. 13 in frie third embodiment accord- 
ing to the present invention. 

FIGS. 15A through 15D are perspective views illus- 
trative of sequential fabrication processes of the optical 
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integrated circuit device with the improved waveguide 
layer In the third embodiment according to the present 
invention. 

FIG. 16 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the fourth embodiment according to 
the present invention. 

FIG. 17A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
wavelength division multiplexing directional coupler In 
the optical integrated circuit device with an improved 
waveguide layer, along an A-A* line in FIG. 16 in the 
fourth embodiment according to the present invention. 

FIG. 17B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 |i m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG. 16 in the fourth embodiment 
according to the present invention. 

FIG. 1 7C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 )i m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C* line in FIG. 16 in the fourth emtjodiment accord- 
ing to the present invention. 

FIG. 1 7D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 |i m monitor photo-diode 4 in the optical integrated 
circuit device with an Improved waveguide layer, along 
an D-D' line in FIG. 16 In the fourth embodiment accord- 
ing to the present invention. 

FIG. 17E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .55 }i m receiver photo-diode 6 in the optical Integrated 
circuit device with an improved waveguide layer, along 
an E-E* line in FIG. 16 in the fourth embodiment accord- 
ing to the present invention. 

FIG. 1 7F is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
spot size converter 7 in the optical integrated circuit 
device with an improved waveguide layer, along an F-P 
line in FIG. 16 in the fourth embodiment according to 
the present inverrtion. 

FIGS. ISA through 18E are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the fourth embodiment according to the present 
invention. 

FIG. 19 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the fifth embodiment according to 
the present invention, 

FIG. 20A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
wavelength division multiplexing directional coupler in 
the optical integrated circuit device with an improved 
waveguide layer, along an A- A* line in FIG. 19 in the fifth 
embodiment according to the present invention. 

FIG. 20B is a fragmentary cross sectional elevation 



view illustrative of an internal layered structure of the 
1 .30 n m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 19 in the fifth embodiment 
5 according to the present invention. 

FIG. 20C is a fragmentary cross sectional elevation 
view illustrative of an Internal layered structure of the 
1 .30 ^ m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
10 an C-C line in FIG. 19 in the fifth embodiment according 
to the present invention. 

FIG. 20D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m monitor photo-diode 4 in the optical Integrated 
IS circuit device with an improved waveguide layer, along 
an D-D* line in FIG. 19 in the fifth embodiment according 
to the present invention. 

FIG. 20E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
20 1 .55 ^ m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E* line in FIG. 19 in the fifth embodiment according 
to the present invention. 

FIG. 20F is a fragmentary aoss sectional elevation 
25 view illustrative of an internal layered structure of the 
window 8 in the optical integrated circuit device with an 
improved waveguide layer, along an F-F' line in FIG. 19 
in the fifth embodiment according to the present inven- 
tion. 

30 FIGS. 21 A through 21 E are perspective views Illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the fifth embodiment according to the present 
invention. 

35 FIG. 22 is a perspective view illustrative of an opti- 
cal integrated circuit device with an inproved 
waveguide layer in the sixth embodiment according to 
the present invention. 

FIG. 23 A Is a fragmentary cross sectional elevation 

40 view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A' line in FIG. 22 
in the sixth embodiment according to the present inven- 
tion. 

45 FIG. 23B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.30 ^ m transmitter laser diode 3 in the optical Inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 22 in the sixth embodiment 

so according to the present invention. 

FIG. 23C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 II m receiver photo-diode 5 in the optical Integrated 
circuit device with an improved waveguide layer, along 

55 an C-C* line in FIG. 22 in the sixth embodiment accord- 
ing to the present invention. 

FIG. 230 is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^1 m monitor photo-diode 4 in the optical integrated 
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circuit device with an improved waveguide layer, along 
an D-D' line in FIG. 22 in the sixth embodiment accord- 
ing to the present invention. 

FIG. 23E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
spot size converter 7 in the optical integrated circuit 
device with an improved waveguide layer, along an E-E* 
line in FIG. 22 in the sixth embodiment according to the 
present invention. 

FIGS. 24A through 24E are perspective views illus- 
trative of sequential fabrication processes of the optical 
Integrated circuit device with the improved waveguide 
layer in the sixth embodiment according to the present 
invention. 

FIG. 25 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the seventh embodiment according 
to the present invention. 

FIG. 26A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A' line in FIG. 25 
in the seventh embodiment according to the present 
inverrtion. 

FIG- 26B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ji m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 25 in the seventh embodiment 
according to the present invention. 

FIG. 26C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 \im receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 25 in the seventh embodiment 
according to the present invention. 

FIG. 260 is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line in FIG. 25 in the seventh embodiment 
according to the present invention. 

FIG. 26E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
window 8 in the optical integrated circuit device with an 
improved waveguide layer, along an E-E' line in FIG. 25 
in the seventh embodiment according to the present 
invention. 

FIGS. 27A through 27E are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the seventh embodiment according to the 
present invention. 

FIG. 28 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the eighth embodiment according to 
the present invention. 

FIG. 29A is a fragmentary cross sectional elevation 
view illustrative of an Internal layered structure of the 



wavelength division multiplexing directional coupler in 
the optical integrated circuit device with an improved 
waveguide layer, along an A-A line in FIG. 28 in the 
eighth embodiment according to the present invention. 

5 FIG. 29B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.30 \i m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 28 in the eighth embodiment 

10 according to the present invention. 

FIG. 29C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^1 m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 

15 an C-C* line in FIG. 28 in the eighth embodiment 
according to the present invention. 

FIG. 290 is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 m monitor photo-diode 4 in the optical integrated 

20 drcuit device with an improved waveguide layer, along 
an D-D* line in FIG. 28 in the eighth embodiment 
according to the present invention. 

FIGS. 30A through 300 are perspective views illus- 
trative of sequential fabrication processes of the optical 

25 integrated circuit device with the improved waveguide 
layer in the eighth embodiment according to the present 
invention. 

FIG. 31 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 

30 waveguide layer in the ninth embodiment according to 
the present invention. 

FIG. 32A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 

35 improved waveguide layer, along an A-A line in FIG. 31 
in the ninth embodiment according to the present inven- 
tion. 

FIG. 32B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 

40 1.30 n m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG. 31 in the ninth embodiment 
according to the present invention. 

FIG. 32C is a fragmentary cross sectional elevation 

45 view illustrative of an internal layered structure of the 
1.30 |i m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 31 in the ninth embodiment accord- 
ing to the present invention. 

50 FIG. 320 is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 fi m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line in FIG. 31 in the ninth embodiment accord- 

55 ing to the present invention. 

FIGS. 33A through 330 are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the ninth embodiment according to the present 
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invention. 

FIG. 34 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the tenth embodiment according to 
the present invention. 

FIG. 35A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A* line in FIG. 34 
in the tenth embodiment according to the present inven- 
tion. 

FIG. 35B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG. 34 in the tenth embodiment 
according to the present invention. 

FIG. 35C is a fragmentary cross sectional elevation 
view Illustrative of an internal layered structure of the 
1 .30 fi m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 34 in the tenth embodiment accord- 
ing to the present invention. 

FIG. 35D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 n m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line in FIG. 34 in the tenth embodiment accord- 
ing to the present invention. 

FIG. 35E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .55 |i m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E* line in FIG. 34 in the tenth embodiment accord- 
ing to the present invention. 

FIGS. 36A and 36B are perspective views illustra- 
tive of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the tenth embodiment according to the present 
invention. 

FIG. 37 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the eleventh embodiment according 
to the present invention. 

FIG. 38A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A* line in FIG. 37 
in the eleventh embodiment according to the present 
invention. 

FIG. 38B is a fragmentary cross sectional elevation 
view Illustrative of an internal layered structure of the 
1 .30 M ni transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG, 37 in the eleventh embodi- 
ment according to the present invention. 

FIG. 38C is a fragmentary cross sectional elevation 
view lllusti-ative of an internal layered structure of the 
1 .30 ^ m monitor photo-diode 4 in the optical integrated 



circuit device with an improved waveguide layer, along 
an C-C line in FIG. 37 in the eleventh embodiment 
according to the present invention. 

FIG. 38D is a fragmentary cross sectional elevation 
5 view illustrative of an internal layered structure of the 
1 .55 fi m transmitter laser diode 7 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an D-D' line in FIG. 37 in the eleventh embodi- 
ment according to the present invention. 
10 FIG. 38E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .55 p m monitor photo-diode 8 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E' line in FIG. 37 in the eleventh embodiment 
IS according to the present invention. 

FIG. 38F is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of tiie 
1 .30 n m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
20 an F-P line in FIG. 37 . in the eleventh embodiment 
according to the present invention. 

FIG. 38G is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .55 |n m receiver photo-diode 6 in the optical integrated 
25 circuit device with an improved waveguide layer, along 
an G-G' line in FIG. 37 in the eleventh embodiment 
according to the present invention. 

FIGS. 39A and 39B are perspective views illustra- 
tive of sequential fabrication processes of the optical 
30 integrated circuit device with the improved waveguide 
layer in tiie eleventh embodiment according to the 
present invention. 

FIG. 40 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
35 waveguide layer in the twelfth embodiment according to 
the present invention. 

FIGS. 41 A and 41 B are perspective views illustra- 
tive of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
40 layer in tiie twelfth embodiment according to the present 
invention. 

The present invention provides a semiconductor 
waveguide layer provided in an optical semiconductor 
integrated circuit device comprising a passive region 
45 having at least a branch and an active region having at 
least a laser diode connected to tiie branch and at least 
a photo-diode connected to the branch. The active 
region is in contact with the passive region. The 
waveguide layer selectively extends over tiie passive 
50 region and the active region. The semiconductor 
waveguide layer in the active region has a wavelengtfi 
composition larger tiian that in the passive region. The 
waveguide layer has a semiconductor crystal structure 
which is continuous not only over the active and passive 
55 regions but also at a boundary between tiie active and 
passive regions. 

In order to obtain this continuous semiconductor 
crystal structure even across the boundary between the 
active and passive regions, the waveguide layer has 



6 



11 



EP 0 762 157 A2 



12 



been formed by a selective semiconductor crystal 
growth using a dielectric mask pattern being provided 
on the semiconductor substrate and extending over the 
active and passive regions. The dielectric mask pattern 
comprises at least a pair of stripe like dielectric films 5 
having a gap between them; Each of the stripe like die- 
lectric films has a larger width in the active region than 
that in the passive region. 

It is essential for the present Invention that the sem- 
iconductor crystal structure of the waveguide layer is 10 
continuous not only over the active and passive regions 
but also at a boundary between the active and passive 
regions. This waveguide layer free of any discontinuity 
in semiconductor crystal structure allows the optical 
integrated circuit device to possess extremely superior is 
properties free of any coupling losa The coupling loss 
may be caused by a certain discontinuity in semicon- 
ductor crystal stmcture of the waveguide layer. The dis- 
continuity in semiconductor crystal structure of the 
waveiguide layer may further cause a step like disconti- 20 
nuity in peripheral portions of the selectively fbi^nried 
waveguide layer: Such stepi like discontinuity in periph- 
eral portions of the selectively formed waveguide layer 
causes a scattenng. resulting in a certain coupling loss. 
Contrary to the above present invention, if the 
waveguide! layer Is separately formed in the active and 
passive regions, then it is unavoidable that the disconti- 
nuity ' in semiconductor crystal structure of the 
waveguide layer and further the step like discontinuity in 
peripheral pbrtiohs thereof are fornried at the boundary 
between the active and passive regions. By contrast, if 
the waveguide layer extending over the active and pas- 
sive regions is simultaneously formed by the same crys- 
tal growths process in accordance with the present 
inventions theri the semiconductor crystal structure of 
the wavegukie layer is continuous not only over the 
active and passive regions^ but also at a boundary 
between the active and passive regions. The waveguide 
layer grown in accordance. with the present invention is 
free of the discontinuity in semiconductor crystal struc- 
ture and of the step like discontinuity in peripheral por- 
tions, lor whichr reason the optical integrated circuit 
having the alxjve improved waveguide layer is free from 
the problem with the coupling loss and can obtain excel- 
lent performances thereof. 

The above simultaneous crystal growth of the 
waveguide layer over the active and passive regions by 
the single crystal growth process results In a simple fab- 
rication process. This may result in increase in yield of 
the products of the optical integrated circuit devices as 
well as In reduction in manufacturing cost thereof ^ 

In the above case, it is possible that the width of the 
stripe like dielectric films remains constant over the pas- 
sive region. 

Alternatively. It is also possible that the width of the 
stripe like dielectric films varies on at least a part of the 
passive region. 

Further, in the above case, it is possible that the 
width of the stripe like dielectric films remains constant 



over the active region. 

Alternatively, it Is also possible that the width of the 
stripe like dielectric films varies on at least a part of the 
active region to decrease toward the branch. In this 
case, it is preferable that the decrease in the width of the 
stripe like dielectric films is a step like decrease toward 
the branch. 

As illustrated in FIGS. 3. 4 and 5. the wavelength 
composition of the waveguide layer depends upon the 
width of the dielectric mask by which the waveguide 
layer has been grown. As the dielectric mask width is 
increased, then the wavelength composition is simply 
increased, regardless of whether the waveguide layer 
comprises a bulk waveguide layer or a multiple quantum 
welt waveguide layer. This means that it is possible to 
control the wavelength composition of the waveguide 
layer by controlling the dielectric mask width. 

It is a still further possible that the gap of the stripe 
like dielectric films remain constant over the passive 
and active regions. 

K is yet a further possible that the gap of the stripe 
like dielectric films varies on at least a part of the pas- 
sive and active regions. 

It is further more possible that the branch com- 
prises a Y-branch. 

It is moreover possible to further provide a wave- 
length division multiplexing coupler in the passive 
region and the wavelength division multiplexing coupler 
is connected through the branch to the laser diode and 
the photo diode. 

It is still more possible to further provide a monitor 
photo diode in the active region. The monitor photo 
diode is provided adjacent to a rear side of the laser 
diode having a front side connected to the branch. 

It is yet more possible to further provide a spot size 
converter at an opposite end portion of the branch to a 
boundary between the active and passive regions. The 
spot size converter allows a highly efficient coupling of 
the optical integrated, circuit device to an optical fiber. 

It is also possitrfe to further provide a window region 
provided at an opposite end portion of the branch to a 
boundary between the active and passive regions. The 
window region can cut off almost all of the reflective 
light. 

It is also possible that a plurality of photo<liodes for 
the same wavelength band are provided to be con- 
nected in parallel to the branch. 

Alternatively, it is possible that a plurality of photo- 
diodes for different wavelength bands are provided to be 
connected in parallel to the branch. This allows different 
wavelength band optical signal communications for a 
plurality of media communications. 

Further, alternatively, it is possible that a plurality of 
photo-diodes adjusted for different wavelength bands 
are provided to be connected in series to the branch, 
provided that the photo-diode positioned closer to the 
branch than others is adjusted for a larger wavelength 
band than those of the other photo-diodes. This allows 
different wavelength band optical signal communica- 
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tions for a plurality of media communications. 

It is also possible that a plurality of laser-diodes for 
the same wavelength band are provided to be con- 
nected in parallel to the branch. 

Alternatively, it is possible that a plurality of laser- 
diodes for different wavelength bands are provided to be 
connected in parallel to the branch. 

This allows different wavelength band optical signal 
communications for a plurality of media communica- 
tions. 

Further, alternatively. It is possible that a plurality of 
laser-diodes adjusted for different wavelength bands 
are provided to be connected in series to the branch, 
provided the laser-diode positioned closer to the branch 
than others is adjusted for a larger wavelength band 
than those of the other laser-diodes. This allows differ- 
ent wavelength band optical signal communications for 
a plurality of media communications. A light having a 
wavelength longer than a wavelength composition of the 
waveguide layer can travel through the waveguide layer 
because the light senses transparency of the medium of 
the waveguide layer. 

It is also possible to further provide a photo-diode 
provided at an opposite end portion of the branch to a 
boundary between the active and passive regions. 

It is also possible that the waveguide layer includes 
a multiple quantum well structure. 

The present invention provides an optical semicon- 
ductor integrated circuit device comprising a semicon- 
ductor substrate having a passive region and an active 
region, and a ridged structure constituting at least a 
branch selectively extending over the passive region, at 
least a laser diode selectively extending over the active 
region and at least a photo diode selectively extending 
over the active region. The ridged structure includes a 
semiconductor waveguide layer sandwiched between 
optical confinement layers. The semicorxductor 
waveguide layer in the active region has a wavelength 
composition larger than that in the passive region. The 
waveguide layer has a semiconductor crystal structure 
which is continuous not only over the active and passive 
regions but also at a boundary between the active and 
passive regions. 

In order to obtain this continuous semiconductor 
crystal structure even across the boundary between the 
active and passive regions, the ridged structure has 
been formed by a selective semiconductor crystal 
growth using a dielectric mask pattern is provided on 
the semiconductor substrate and extends over the 
active and passive regions. The dielectric mask pattern 
comprises at least a pair of stripe like dielectric films 
having a gap between them. Each of the stripe like die- 
lectric films has a larger width in the active region than 
that in the passive region. 

It is essential for the present invention that the sem- 
iconductor crystal structure of the waveguide layer is 
continuous not only over the active and passive regions 
but also at a boundary between the active and passive 
regions. This waveguide layer free of any discontinuity 



in semiconductor crystal structure allows the optical 
integrated circuit device to possess extremely superior 
properties free of any coupling loss. The coupling loss 
may be caused by a certain discontinuity in semicon- 
5 ductor crystal structure of the waveguide layer. The dis- 
continuity in semiconductor crystal structure of the 
waveguide layer may further cause a step like disconti- 
nuity in peripheral portions of the selectively formed 
waveguide layer. Such step like discontinuity in periph- 
10 era! portions of the selectively formed waveguide layer 
causes a scattering, resulting in a certain coupling loss. 
Contrary to the above present invention, if the 
waveguide layer is separately formed in the active and 
passive regions, then it is unavoidable that the disconti- 
75 nuity in semiconductor crystal structure of the 
waveguide layer and further the step like discontinuity in 
peripheral portions thereof are formed at the boundary 
between the active and passive regions. By contrast, if 
the waveguide layer extending over the active and pas- 
20 sive regions is simultaneously formed by the same crys- 
tal growth process in accordance with the present 
invention, then the semiconductor crystal structure of 
the waveguide layer is continuous not only over the 
active and passive regions but also at a boundary 
25 between the active and passive regions. The waveguide 
layer grown in accordance with the present invention is 
free of the discontinuity in semiconductor crystal struc- 
ture and of the step like discontinuity in peripheral por- 
tions, for which reason the optical integrated circuit 
30 having tfie above improved waveguide layer is free from 
the probtenrwith the coupling loss and can obtain excel- 
lent performances thereof. 

The above simultaneous crystal growth of the 
waveguide layer over the active and passive regions by 
35 the single crystal growth process results in a simple fab- 
rication process. This may result in increase in yield of 
the products of the optical integrated circuit devices as 
well as in reduction in manufacturing cost thereof. 

Further, the at»ove optical integrated circuit device 
40 may be free of any wavelength division multiplexing 
couplers such as Mach-Zehnder wavelength division 
multiplexing couplers and directional wavelength divi- 
sion multiplexing couplers. This structure allows a sub- 
stantial scaling down of the optical integrated circuit 
45 device. This allows a further reduction in manufacturing 
cost for the products of the optical integrated circuit 
devices. 

tt is possible tiiat the width of the stripe like dielec- 
tric films remains constant over the passive region. 
50 Alternatively, it is also possible that the width of tiie 
stripe like dielectric films varies on at least a part of the 
passive region. 

Further, alternatively it is also possible that the 
width of the stripe like dielectric films remains constant 
55 over the active region. 

Further more, alternatively, it is also possible that 
the width of the stripe like dielectric films varies on at 
least a part of the active region to decrease toward the 
branch. In this case, it is preferable that the decrease in 
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the width of the stripe Wke dielectric films is a step like 
decrease toward the branch. 

As illustrated in FIGS. 3, 4 and 5, the wavelength 
composition of the waveguide layer depends upon the 
width of the dielectric mask by which the waveguide 
layer has been grown. As the dielectric mask width is 
increased, then the wavelength composition is simply 
increased, regardless of whether the waveguide layer 
comprises a bulk waveguide layer or a multiple quantum 
well waveguide layer. This means that it is possible to 
control the wavelength composition of ttie waveguide 
layer by controlling the dielectric mask width. 

It is also possible that the gap of the stripe like die- 
lectric films remain constant over the passfve and active 
regions. 

Alternatively, it Is also possible that the gap of the 
stripe like dielectric films varies on at least a part of the 
passive and active regions. 

Further, alternatively, it is also possible that the 
branch comprises a Y-branch. 

It is also possible to further provide a wavelength 
division multiplexing coupler in the passive region and 
the wavelength division multiplexing coupler is con- 
nected through the branch to the laser diode and the 
photo diode. 

Alternatively, it is also possible to further provide a 
monitor photo diode in the active region. The monitor 
photo diode is provided adjacent to a rear side of the 
laser diode having a front side connected to the branch. 

Further, alternatively, it is also possible to further 
^provide a spot size converter provided at an opposite 
end portion of the branch to a boundary between the 
active and passive regions. The spot size converter 
allows a highly efficient coupling of the optical inte- 
grated circuit device to an optical fiber. 

Further more, alternatively, it is also possible to fur- 
ther provide a window region at an opposite end portion 
of the branch to a boundary between the active and 
passive regions. The window region can cut off almost 
all of the reflective light. 

It is also possible that a plurality of photo-diodes for 
the same wavelength band are provided to be con- 
nected in parallel to the branch. 

Alternatively, it is also possible that a plurality of 
photo-diodes for different wavelength bands are pro- 
vided to be connected in parallel to the branch. This 
allows different wavelength band optical signal commu- 
nications for a plurality of media communications. 

Further, alternatively, it is also possible that a plural- 
ity of photo-diodes adjusted for different wavelength 
bands are provided to be connected in series to the 
branch, provided the photo-diode positioned closer to 
the branch than others is adjusted for a larger wave- 
length band than those of the other photo<Jiodes. This 
allows different wavelength band optical signal commu- 
nications for a plurality of media communications. A light 
having a wavelength longer than a wavelength composi- 
tion of the waveguide layer can travel through the 
waveguide layer because the light senses transparency 



of the medium of the waveguide layer. 

It is also possible that a plurality of laser-diodes for 
the same wavelength band are provided to be con- 
nected in parallel to the branch. 

5 Alternatively it is also possible that a plurality of 
laser-diodes for different wavelength bands are pro- 
vided to be connected in parallel to the branch. This 
allows different wavelength band optical signal commu- 
nications for a plurality of media communications. 

10 Further, alternatively, it is also possible that a plural- 
ity of laser-diodes adjusted for different wavelength 
bands are provided to be connected In series to the 
branch, provided that the laser-diode positioned closer 
to the branch than others is adjusted for a larger wave- 
rs length band than those of the other laser-diodes. This 
allows different wavelength t^nd optical signal commu- 
nications for a plurality of media communications. A light 
having a wavelength longer than a wavelength composi- 
tion of the waveguide layer can travel through the 

20 waveguide layer because the light senses transparency 
of the medium of the waveguide layer. 

It Is also possible to further provide a photo-diode at 
an opposite end portion of the branch to a boundary 
between the active and passive regions. 

25 It is also possible that the ridged structure is a strip 
loaded structure. 

It is also possible that the ridged structure is a bur- 
ied structure buried with a burying semiconductor layer. 
The buried structure of the ridged portion of the 

30 optical integrated circuit can make the optical integrated 
drcuit device free from the problem with polarization 
due to a considerable difference in optical confinement 
force between in TE mode and in TM mode. 

It is preferable that the ridged structure comprises 

35 an n-doped InGaAsP layer, an n-doped InP spacer layer 
formed on the n-doped InGaAsP layer, a bottom sepa- 
rate confinement hetero-structure layer formed on the n- 
doped InP spacer layer, a multiple quantum well 
waveguide layer formed on the bottom separate con- 

40 f inement hetero-structure layer, a top separate cortf ine- 
ment hetero-structure layer formed on the multiple 
quantum well waveguide layer, and an InP cladding 
layer formed on the top separate confinement hetero- 
structure layer. 

45 The present invention provides a semiconductor 
waveguide layer provided in an optical semiconductor 
integrated circuit device comprising a passive region 
having at least a wavelength division multiplexing cou- 
pler and an active region having at least a laser diode 

50 connected to the wavelength division multiplexing cou- 
pler and at least a photo-diode connected to the wave- 
length division multiplexing coupler, and the active 
region being in contact with the passive region. The 
waveguide layer selectively extends over the passive 

55 region and the active region. The semiconductor 
waveguide layer in the active region has a wavelength 
composition larger than that in the passive region. The 
waveguide layer has a semiconductor crystal structure 
which is continuous not only over the active and passive 
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regions but also at a boundary between the active and 
passive regions. 

In order to obtain this continuous semiconductor 
crystal structure even across the boundary between the 
active and passive regions, the waveguide layer has s 
been formed by a selective semiconductor crystal 
growth using a dielectric mask pattern being provided 
on the semiconductor substrate and extending over the 
active and passive regions. The dielectric nnask pattern 
comprises at least a pair of stripe like dielectric films 10 
having a gap between them. Each of the stripe like die- 
lectric films has a larger width in the active region than 
that in the passive region. 

It Is essential for the present invention that the sem- 
iconductor crystal structure of the waveguide layer is is 
continuous not only over the active and passive regions 
but also at a boundary between the active and passive 
regions. This waveguide layer free of any discontinuity 
in semiconductor crystal structure allows the optical 
integrated circuit device to possess extremely superior 20 
properties free of any coupling loss. The coupling loss 
may be caused by a certain discontinuity in semicon- 
ductor crystal structure of the waveguide layer. The dis- 
continuity in semiconductor crystal structure of the 
waveguide layer may further cause a step like disconti- 25 
nuity in peripheral portions of the selectively formed 
waveguide layer. Such step like discontinuity in periph- 
eral portions of the selectively formed waveguide layer 
causes a scattering, resulting in a certain coupling loss. 
Contrary to the above present invention, if the 30 
waveguide layer is separately formed in the active and 
passive regions, then it is unavoidable that the disconti- 
nuity in semiconductor crystal structure of the 
waveguide layer and further the step like discontinuity in 
peripheral portions thereof are formed at tiie boundary 3s 
between the active and passive regions. By contrast if 
the waveguide layer extending over the active and pas- 
sive regions is simultaneously formed by the same crys- 
tal growth process in accordance with the present 
invention, then the semiconductor crystal structure of 40 
the waveguide layer is continuous not only over the 
active and passive regions but also at a boundary 
between the active and passive regions. The waveguide 
layer grown in accordance with the present invention is 
free of the discontinuity in semiconductor crystal struc- 45 
ture and of the step tike discontinuity in peripheral por- 
tions, for which reason the optical integrated circuit 
having the above improved waveguide layer is free from 
the problem with the coupling loss and can obtain excel- 
lent performances thereof. so 

The above simultaneous crystal growth of the 
waveguide layer over the active and passive regions by 
the single crystal growth process results in a simple fab- 
rication process. This may result in increase in yield of 
the products of the optical integrated circuit devices as ss 
well as in reduction in manufacturing cost thereof. 

It is also possible that the width of the stripe like die- 
lectric films remains constant over the passive region. 

Alternatively, it is also possible that the width of the 
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stripe like dielectric films varies on at least a part of tiie 
passive region. 

Further, alternatively, it is also possible that the 
widtii of the stripe like dielectric films remains constant 
over the active region. 

Further more, alternatively, it is also possible tiiat 
tiie widtii of the stripe like dielectric films varies on at 
least a part of the active region to decrease toward the 
wavelengtii division multiplexing coupler. In tiiis case, it 
is preferable that the decrease in the width of the stripe 
like dielectric films is a step like decrease toward the 
wavelength division multiplexing coupler. 

As illustrated in FIGS. 3. 4 and 5, the wavelengtii 
composition of the waveguide layer deperxis upon the 
width of tiie dielectric mask by which the waveguide 
layer has been grown. As the dielectric mask width is 
increased, then tiie wavelength composition is sinrply 
increased, regardless of whether the waveguide layer 
comprises a bulk waveguide layer or a multiple quantum 
well waveguide layer. This means that it is possible to 
control the wavelength composition of the waveguide 
layer by controlling the dielectric mask width. 

It is also possible that the gap of the stripe like die- 
lectric films remain constant over the passive and active 
regions. 

Alternatively, it is also possible that the gap of the 
stripe like dielectric films varies on at least a part of the 
passive and active regions. 

It is also possible to further provide a branch in tiie 
passive region and the wavelength division multiplexing 
coupler is connected through the branch to the laser 
diode and the photo diode. In tiiis case^ it is optional that 
tiie branch comprises a Y-branch. 

It is also possible to further provide a monitor photo 
diode in the active region, and the monitor photo diode 
is provided adjacent to a rear side of the laser diode 
having a front side connected to the wavelength division 
multiplexing coupler. < 

Alternatively, it is also possible to further provide a 
spot size converter at an opposite end portion of the 
wavelength division multiplexing coupler to a boundary 
between the active and passive regions. The spot size 
converter allows a highly efficient coupling of the optical 
integrated circuit device to an optical fiber. 

Further, alternatively, it is also possible to further 
provide a window region at an opposite end portion of 
the wavelength division multiplexing coupler to a bound- 
ary between the active and passive regions. The win- 
dow region can cut off almost all of the reflective light. 

It is also possible that a plurality of photo-diodes for 
the same wavelength band are provided to be con- 
nected in parallel to the wavelength division multiplexing 
coupler. 

It is also possible that a plurality of photo-diodes for 
different wavelength bands are provided to be con- 
nected in parallel to the wavelength division multiplexing 
coupler. This allows different wavelength band optical 
signal communications for a plurality of media commu- 
nications. 
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Alternatively, It is also possible that a plurality of 
photo-diodes adjusted for different wavelength bands 
are provided to be connected in series to the wave- 
length division multiplexing coupler, provided the photo- 
diode positioned closer to the wavelength division multi- 
plexing coupler than others is adjusted for a larger 
wavelength band than those of the other photo-diodes. 
This allows different wavelength band optical signal 
communications for a plurality of media communica- 
tions. A light having a wavelength longer than a wave- 
length composition of the waveguide layer can travel 
through the waveguide layer because the light senses 
transparency of the medium of the waveguide layer. - 

It is also possible that a plurality of laser-diodes for 
the same wavelength band are provkied to be con- 
nected in parallel to the wavelength division multiplexing 
coupler. 

Alternatively it is also possible that a plurality of 
laser-diodes for different wavelength bands are pro- 
vided to be connected in parallel to the wavelength divi- 
sion multiplexing coupler. This allows different 
wavelength band optical signal communications for a 
plurality of media communications. 

Further, alternatively, it is also possible that a plural- 
ity of laser-diodes adjusted for different wavelength 
bands are provided to be connected in series to the 
wavelength division multiplexing coupler, provided the 
laser-diode positioned doser to the wavelength division 
multiplexing coupler than others is adjusted for a larger 
wavelength band tiian tiiose of the other laser-diodes. 
This allows different wavelengtii band optical signal 
communications for a plurality of media communica- 
tions. A light having a wavelengtin longer tiian a wave- 
length composition of tiie waveguide layer can travel 
through tiie waveguide layer because tiie light senses 
transparency of the medium of the waveguide layer. 

It is also possible to further provide a photo-diode at 
an opposite end portion of the wavelength division mul- 
tiplexing coupler to a tx)undary between the active and 
passive regions. 

It is also possible tiiat the waveguide layer includes 
a multiple quantum well structure. 

The present invention provides an optical semicon- 
ductor integrated circuit device comprising a semicon- 
ductor substrate having a passive region and an active 
region, and a ridged structure constituting at least a 
wavelength division multiplexing coupler selectively 
extending over the passive region, at least a laser diode 
selectively extending over tiie active region and at least 
a photo diode selectively extending over the active 
region. The ridged structure includes a semiconductor 
waveguide layer sandwiched between optical confine- 
ment layers. The semiconductor waveguide layer in the 
active region has a wavelengtii composition larger tiian 
that in tiie passive region. The waveguide layer has a 
semiconductor crystal structure which is continuous not 
only over the active and passive regions but also at a 
boundary between the active and passive regions. 

In order to obtain this continuous semiconductor 



crystal structure even across the boundary between the 
active and passive regions, the ridged structure has 
been formed by a selective semiconductor crystal 
growtii using a dielecti*ic mask pattern being provided 
5 on the semiconductor substrate and extending over the 
active and passive regions. The dielectric mask pattern 
comprises at least a pair of stripe like dielectric films 
having a gap between them. Each of tiie sti*ipe like die- 
lectric films has a larger widtti in the active region than 

io tiiat in the passive region. 

It is essential for tiie present invention tiiat the sem- 
iconductor crystal structure of the waveguide layer is 
continuous not only over the active and passive regions 
but also at a boundary between the active and passive 

15 regiona This waveguide layer free of any discontinuity 
in semiconductor crystal structure allows the optical 
integrated circuit device to possess extremely superior 
properties free of any coupling loss. The coupling loss 
may be caused by a certain discontinuity in semicon- 

20 ductor crystal structure of tiie waveguide layer. The dis- 
continuity in semiconductor crystal stiojcture of the 
waveguide layer may further cause a step like disconti- 
nuity in peripheral portions of the selectively formed 
waveguide layer. Such step like discontinuity in periph- 

25 eral portions of tiie selectively formed waveguide layer 
causes a scattering, resulting in a certain coupling loss. 
Contrary to the above present invention, if the 
waveguide layer is separately formed in tiie active and 
passive regions, then it is unavoidable that the diisconti- 

30 nuity in semiconductor crystal structure of the 
waveguide layer and further tiie step like discontinuity in 
peripheral portions tiiereof are formed at the boundary 
between the active and passive regions. By contrast, if 
the waveguide layer extending over the active and pas- 

35 si ve regions is simultaneously formed by the same crys- 
tal growth process in accordance with the present 
invention; then tiie semiconductor crystal structure of 
the waveguide layer is continuous not only over the 
active and passive regions but also at a boundary 

40 between the active and passive regions. The waveguide 
layer grown in accordance wttii tiie present invention is 
free of tiie discontinuity in semiconductor crystal struc- 
ture and of tiie step like discontinuity in peripheral por- 
tions, for which reason the optica! integrated circuit 

45 having the above improved waveguide layer is free from 
tiie problem with the coupling loss and can obtain excel- 
lent performances thereof. 

The above simultaneous crystal growth of the 
waveguide layer over the active and passive regions by 

so the single crystal growth process results in a simple fab- 
rication process. This may result in increase in yield of 
the products of tiie optical integrated circuit devices as 
well as in reduction in manufacturing cost thereof. 

It is possible that the width of tiie stripe like dielec- 

55 tiie films remains constant over tiie passive region. 

Alternatively, it is also possible that the widtii of the 
stripe like dielectric films varies on at least a part of the 
passive region. 

Further, alternatively it is also possible that the 
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width of the stripe like dielectric films remains constant 
over the active region. 

Further more, alternatively, it is also possible that 
the width of the stripe like dielectric films varies on at 
least a part of the active region to decrease toward the s 
wavelength division multiplexing coupler. In this case, it 
is preferable that the decrease in the width of the stripe 
like dielectric films is a step like decrease toward the 
wavelength division multiplexing coupler. 

As illustrated in FIGS. 3. 4 and 5. the wavelength io 
composition of the waveguide layer depends upon the 
width of the cfi electric mask by which the waveguide 
layer has been grown. As the dielectric mask width is 
increased, then the wavelength composition is simply 
increased, regardless of whether the waveguide layer is 
comprises a bulk waveguide layer or a multiple quantum 
well waveguide layer. This means that it is possible to 
control the wavelength composition of the waveguide 
layer by controlling the dielectric mask width. 

It is also possible that the gap of the stripe like die- so 
lectric films remain constant over the passive and active 
regions. 

Alternatively. It is also possible that the gap of the 
stripe like dielectric films varies on at least a part of the 
passive and active regions. 2S 

It is also possible to further provide a branch in the 
passive region and the wavelength division multiplexing 
coupler is connected through the branch to the laser 
diode and the photo diode. 

It is also possible that the branch comprises a Y- 30 
branch. 

It Is also possible to further provide a monitor photo 
diode in the active region. The monitor photo diode is 
provided adjacent to a rear side of the laser diode hav- 
ing a front side connected to the wavelength division 3s 
multiplexing coupler. 

It is also possible that a plurality of photo-diodes for 
the same wavelength band are provided to be con- 
nected in parallel to the branch. 

Alternatively, it is also possible that a plurality of 4o 
photo-diodes for different wavelength bands are pro- 
vided to be connected in parallel to the branch. This 
allows different wavelength band optical signal commu- 
nications for a plurality of media communications. 

Further, alternatively, it is also possible that a plural- 4s 
ity of photo-diodes adjusted for different wavelength 
bands are provided to be connected in series to the 
branch, provided the photo-diode positioned closer to 
the branch than others is adjusted for a larger wave- 
length band than those of the other photo-diodes. This so 
allows different wavelength band optical signal commu- 
nications for a plurality of media communications. A light 
having a wavelength longer than a wavelength composi- 
tion of the waveguide layer can travel through the 
waveguide layer because the light senses transparency ss 
of the medium of the waveguide layer. 

It is also possible that a plurality of laser-diodes for 
the same wavelength band are provided to be con- 
nected in parallel to the branch. 



Alternatively, it is also possible that a plurality of 
laser-diodes for different wavelength bands are pro- 
vided to be connected in parallel to the branch. This 
allows different wavelength band optical signal commu- 
nications for a plurality of media communications. 

Further, alternatively, it is also possible that a plural- 
ity of laser-diodes adjusted for different wavelength 
bands are provided to be connected in series to the 
branch, provided the laser-diode positioned closer to 
the branch than others is adjusted for a larger wave- 
length band than those of the other laser-diodes. This 
allows different wavelength band optical signal commu- 
nications for a plurality of media communications. A light 
having a wavelength longer than a wavelength composi- 
tion of the waveguide layer can travel through the 
waveguide layer because the light senses transparency 
of the medium of the waveguide layer. 

It is also possible to further provide a photo-diode at 
an opposite end portion of the branch to a boundary 
between the active and passive regions. 

It is also possible that the ridged structure is a strip 
loaded structure. 

Alternatively, It is also possible that the ridged struc- 
ture is a buried structure buried with a burying semicon- 
ductor layer. 

The buried structure of the ridged portion of the 
optical Integrated circuit can make the optical integrated 
drcutt device free from the problem with polarization 
due to a considerable difference in optical confinement 
force between In TE mode and in TM mode. 

It is also possible that the ridged structure com- 
prises, an n-doped InGaAsP layer, an n-doped InP 
spacer layer formed on the n-doped InGaAsP layer, a 
bottom separate confinement hetero-structure layer 
formed on the n-doped InP spacer layer, a multiple 
quantum well waveguide layer formed on the bottom 
separate confinement hetero-structure layer, a top sep- 
arate confinement hetero-structure layer formed on the 
multiple quantum well waveguide layer, and an InP clad- 
ding layer formed on the top separate confinement het- 
ero-structure layer. 

The present invention provides a method of crystal 
growth for a semiconductor waveguide layer provided 
over a semiconductor substrate for an optical semicon- 
ductor integrated circuit device comprising a passive 
region having at least a branch and an active region 
having at least a laser diode connected to the branch 
and at least a photo-diode connected to the branch, and 
the active region being in contact with the passive 
region. The waveguide layer selectively extends over 
the passive region and the active region, and the semi- 
conductor waveguide layer in the active region having a 
wavelength composition larger than that in the passive 
region. The method comprises the following steps. A 
dielectric mask pattern is provided on the semiconduc- 
tor substrate. The dielectric mask pattern extends over 
the active and passive regions. The dielectric mask pat- 
tern comprises at least a pair of stripe like dielectric 
films having a gap between them. Each of the stripe like 
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dielectric films have a larger width in the active region 
than that in the passive region. Thereafter, a selective 
semiconductor crystal growth is carried out by use of 
the dielectric mask pattern to grow the waveguide layer 
having a semiconductor crystal structure which is con- 5 
tinuous not only over the active and passive regions but 
also at a boundary between the active and passive 
regions. 

it is essential for the present invention that the sem- 
iconductor crystal structure of the waveguide layer is 10 
continuous not only over the active and passive regions 
but also at a boundary between the active and passive 
regions. This waveguide layer free of any discontinuity 
in semiconductor crystal structure allows the optical 
integrated circuit device to possess extremely superior is 
properties free of any coupling loss. The coupling loss 
may be caused by a certain discontinuity in semicon- 
ductor crystal structure of the waveguide layer. The dis- 
continuity in semiconductor crystal structure of the 
waveguide layer may further cause a step like disconti- so 
nuity in peripheral portions of the selectively formed 
waveguide layer. Such step like discontinuity in periph- 
eral portions of the selectively formed waveguide layer 
causes a scattering, resulting in a certain coupling loss. 
Contrary to the above present invention, if the 2S 
waveguide layer is separately formed in the active and 
passive regions, then it is unavoidable that the disconti- 
nuity in semiconductor crystal structure of the 
waveguide layer and further the step tike discontinuity in 
peripheral portions thereof are formed at the boundary 30 
between the active and passive regions. By contrast, if 
the waveguide layer extending over the active and pas- 
sive regions is simultaneously formed by the same crys- 
tal growth process in accordance with the present 
invention, then the semiconductor crystal structure of 3S 
the waveguide layer is continuous not only over the 
active and passive regions but also at a boundary 
between the active and passive regions. The waveguide 
layer grown in accordance with the present invention is 
free of the discontinuity in semiconductor crystal struc- 40 
ture and of the step like discontinuity in peripheral por- 
tions, for which reason the optical integrated circuit 
having the above improved waveguide layer is free from 
the problem with the coupling loss and can obtain excel- 
lent performances thereof. 45 

The above simultaneous crystal growth of the 
waveguide layer over the active and passive regions by 
the single crystal growth process results in a simple fab- 
rication process. This may result in increase in yield of 
the products of the optical integrated drcuit devices as so 
well as in reduction in manufacturing cost thereof. 

It is possible that the width of the stripe like dielec- 
tric films remains constant over the passive region. 

Alternatively, It is possible that tiie widtii of tiie 
stripe like dielectric films varies on at least a part of the ss 
passive region. 

Further, alternatively, it is possible that the width of 
the stripe like dielectric films remains constant over the 
active region. 



Further more, alternatively it is possible that the 
widtii of the stripe like dielectric films varies on at least 
a part of the active region to decrease toward the 
branch. In tiiis case, it Is preferable that the decrease in 
the width of tiie stripe like dielectric films is a step like 
decrease toward the branch. 

As illustrated in FIGS. 3, 4 and 5, the wavelength 
composition of the waveguide layer deperxls upon the 
width of the dielectric mask by which the waveguide 
layer has been grown. As the dielectric mask width is 
increased, then the wavelength composition is simply 
increased, regardless of whether the waveguide layer 
comprises a bulk waveguide layer or a multiple quantum 
well waveguide layer This means that it is possible to 
control the wavelength composition of the waveguide 
layer by controlling the dielectric mask width. 

It is possible that the gap of the stnpe tike dielectric 
films remain constant over the passive and active 
regions. 

Alternatively, it is possible that the gap of the stripe 
like dielectric films varies oh at least a part of the pas- 
sive and active regions. 

It is also possible that the selective semiconductor 
crystal growth is carried out by an organic metal chemi- 
cal vapor deposition method. 

The present invention provides a method of forming 
an optical semiconductor integrated circuit device over 
a semiconductor substrate having a passive region and 
an active region. The method comprises the following 
steps. A dielectric mask pattern is provided on the sem- 
iconductor substrate. The dielectric mask pattern 
extends over the active and passive regions. The dielec- 
tric mask pattern comprises at least a pair of stripe like 
dielectric films having a gap between them. Each of the 
stripe like dielectric films has a larger width in the active 
region than that in the passive region. A selective semi- 
conductor crystal growth is carried out by use of the die- 
lectric mask pattern to grow a ridged structure 
constituting at least a branch selectively extending over 
the passive region, at least a laser diode selectively 
extending over the active region and at least a photo 
diode selectively extending over the active region, the 
ridged structure including a semiconductor waveguide 
layer sandwiched between optical confinement layers, 
the semiconductor waveguide layer in the active region 
having a wavelength composition larger than that in the 
passive region. The waveguide layer has a semiconduc- 
tor crystal structure which is corrtinuous not only over 
the active and passive regions but also at a t^oundary 
between the active and passive regions. 

It is essential for tiie present invention that the sem- 
iconductor crystal structure of the waveguide layer is 
continuous not only over the active and passive regions 
but also at a boundary between the active and passive 
regions. This waveguide layer free of any discontinuity 
in semiconductor crystal structure allows the optical 
integrated circuit device to possess extremely superior 
properties free of any coupling loss. The coupling loss 
may be caused by a certain discontinuity in semlcon- 
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ductor crystal structure of the waveguide layer. The dis- 
continuity In semiconductor crystal structure of the 
waveguide layer may further cause a step like disconti- 
nuity in peripheral portions of the selectively formed 
waveguide layer. Such step like discontinuity in periph- 5 
eral portions of the selectively formed waveguide layer 
causes a scattering, resulting in a certain coupling loss. 
Contrary to the above present invention, if the 
waveguide layer is separately formed in the active and 
passive regions, then it is unavoidable that the disconti- w 
nuity in semiconductor crystal structure of the 
waveguide layer and further the step like discontinuity in 
peripheral portions thereof are formed at the boundary 
between the active and passive regions. By contrast, if 
the waveguide layer extending over the active and pas- is 
sive regions is simultaneously formed by the same crys- 
tal growth process in accordance with the present 
invention, then the semiconductor crystal structure of 
the waveguide layer is continuous not only over the 
active and passive regions but also at a boundary 20 
between the active and passive regions. The waveguide 
layer grown in accordance with the present invention is 
free of the discontinuity In semiconductor crystal struc- 
ture and of the step like discontinuity in peripheral por- 
tions, for which reason the optical Integrated circuit $5 
having the above improved waveguide layer is free from 
the problem with the coupling loss and can obtain excel- 
lent performances thereof. 

The at>ove simultaneous crystal growth of the 
waveguide layer over the active and passive regions by 30 
the single crystal growth process results in a simple fab- 
rication process. This may result in increase in yield of 
the products of the optical Integrated circuit devices as 
well as in reduction in manufacturing cost thereof. 

It is possible that the width of the stripe like dlelec- 3S 
trie films remains constant over the passive region. 

Alternatively, it is also possible that the width of the 
stripe like dielectric films varies on at least a part of the 
passive region. 

Further, altematively. it is also possible that the 40 
width of the stripe like dielectric films remains constant 
over the active region. 

Further more, alternatively, it the width of the stripe 
like dielectric films varies on at least a part of the active 
region to decrease toward the branch. In this case, it is 45 
preferable that the decrease in the width of the stripe 
like dielectric films is a step like decrease toward the 
branch. 

As illustrated in FIGS. 3, 4 and 5. the wavelength 
composition of the waveguide layer depends upon the so 
width of the dielectric mask by which the waveguide 
layer has been grown. As the dielectric mask width is 
increased, then the wavelength composition is simply 
increased, regardless of whether the waveguide layer 
comprises a bulk waveguide layer or a multiple quantum 55 
well waveguide layer This means that it Is possible to 
control the wavelength composition of the waveguide 
layer by controlling the dielectric mask width. 

It is also possible that the gap of the stripe like die- 



lectric films remain constant over the passive and active 
regions. 

Alternatively, it is also possible that the gap of the 
stripe like dielectric films varies on at least a part of the 
passive and active regions. 

It is also possible that the selective semiconductor 
crystal growth is carried out by an organic metal chemi- 
cal vapor deposition method. 

The present invention provides a method of crystal 
growth for a semiconductor waveguide layer provided 
over a semiconductor substrate for an optical semicon- 
ductor integrated circuit device comprising a passive 
region having at least a wavelength division multiplexing 
coupler and an active region having at least a laser 
diode connected to the wavelength division multiplexing 
coupler and at least a photo-diode connected to the 
wavelength division multiplexing coupler. The active 
region is in contact with the passive region. The 
waveguide layer selectively extends over the passive 
region and the active region, and the semiconductor 
waveguide layer in the active region having a wave- 
length composition larger than that in the passive 
region. The method comprises the following steps. A 
dielectric mask pattern is provided on the semiconduc- 
tor substrate. The dielectric mask pattern extends over 
the active and passive regions. The dielectric mask pat- 
tern comprises at least a pair of stripe like dielectric 
films having a gap between them. Each of the stripe like 
dielectric films has a larger width in the active region 
than that in the passive region. Thereafter, a selective 
semiconductor crystal growth is carried out by use of 
the dielectric mask pattern to grow the waveguide layer 
having a semicorxJuctor crystal structure which is con- 
tinuous not only over the active and passive regions but 
also at a boundary between the active and passive 
regions. 

It is essential for the present Invention that the sem- 
icorxJuctor crystal structure of the waveguide layer Is 
continuous not only over the active and passive regions 
but also at a boundary between the active and passive 
regions. This waveguide layer free of any discontinuity 
in semiconductor crystal structure allows the optical 
integrated circuit device to possess extremely superior 
properties free of any coupling loss. The coupling loss 
may be caused by a certain discontinuity in semicon- 
ductor crystal structure of the waveguide layer. The dis- 
continuity in semiconductor crystal structure of the 
waveguide layer may further cause a step like disconti- 
nuity in peripheral portions of the selectively formed 
waveguide layer. Such step like discontinuity In periph- 
eral portions of the selectively formed waveguide layer 
causes a scattering, resulting in a certain coupling loss. 
Contrary to the above present invention, if the 
waveguide layer is separately formed in the active and 
passive regions, then it is unavoidable that the disconti- 
nuity in semiconductor crystal structure of the 
waveguide layer and further the step like discontinuity in 
peripheral portions thereof are formed at the boundary 
between the active and passive regions. By contrast, if 
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the waveguide layer extending over the active and pas- 
sive regions is simultaneously formed by the same crys- 
tal growth process in accordance with the present 
invention, then the semiconductor crystal structure of 
the waveguide layer is continuous not only over the 
active and passive regions but also at a boundary 
between the active and passive regions. The waveguide 
layer grown in accordance with the present invention is 
free of the discontinuity in semiconductor crystal struc- 
ture and of the step like discontinuity In peripheral por- 
tions, for which reason the optical integrated circuit 
having the above improved waveguide layer is free from 
the problem with the coupling loss and can obtain excel- 
lent performances thereof. 

The above simultaneous crystal growth of the 
waveguide layer over the active and passive regions by 
the single crystal growth process results in a simple fab- 
rication process. This may result in increase in yield of 
the products of the optical integrated circuit devices as 
well as in reduction in manufacturing cost thereof. 

It is possible that the width of the stripe like dielec- 
tric films remains constant over the passive region. 

Alternatively, it is possible that the width of the 
stripe tike dielectric films varies on at least a part of the 
passive region. 

Further, alternatively, it is possible that the width of 
the stripe like dielectric films remains constant over the 
active region. 

Further nrore, alternatively, it is possible that the 
width of the stripe like dielectric films varies on at least 
a part of the active region to decrease toward the wave- 
length division multiplexing coupler. In this case, it is 
preferable that the decrease in the width, of the stripe 
like dielectric films is a step like decrease toward the 
wavelength division multiplexing coupler. 

As illustrated in FIGS. 3, 4 and 5, the wavelength 
composition of the waveguide layer depends upon the 
width of the dielectric mask by which the waveguide 
layer has been grown. As the dielectric mask width is 
increased, then the wavelength composition is simply 
increased, regardless of whether the waveguide layer 
comprises a bulk waveguide layer or a multiple quantum 
well waveguide layer. This means that it is possible to 
control the wavelength composition of the waveguide 
layer by controlling the dielectric mask width. 

It is also possible that the gap of the stripe like die- 
lectric films remain constant over the passive and active 
regions. 

Alternatively, it is possible that the gap of the stripe 
like dielectric films varies on at least a part of the pas- 
sive and active regions. 

It is also possible that the selective semiconductor 
crystaf growth is carried out by an organic metal chemi- 
cal vapor deposition method. 

The presertt invention provides a method of forming 
an optical semiconductor integrated circuit device over 
a semiconductor substrate having a passive region and 
an active region. The method comprises the following 
steps. A dielectric mask pattern is provided on the sem- 



iconductor substrate. The dielectric mask pattern 
extends over the active and passive regions. The dielec- 
tric mask pattern comprises at least a pair of stripe like 
dielectric films having a gap between them. Each of the 

5 stripe like dielectric films has a larger width in the active 
region tiian tiiat in the passive region. Thereafter, a 
selective semiconductor crystal growth is carried out by 
use of the dielectric mask pattern to grow a ridged struc- 
ture constituting at least a wavelength division multi- 

70 plexing coupler selectively extending over the passive 
region, at least a laser diode selectively extending over 
the active region and at least a photo diode selectively 
extending over the active region, the ridged structure 
including a semiconductor waveguide layer sandwiched 

75 between optical confinement layers. The semiconductor 
waveguide layer in the active region has a wavelength 
composition larger than that in the passive region. The 
waveguide layer has a semiconductor crystal structure 
which is continuous not only over the active and passive 

20 regions but also at a boundary between the active and 
passive regions. 

It is essential for the present invention that the sem- 
iconductor crystal structure of the waveguide layer is 
continuous not only over the active and passive regions 

25 but also at a boundary between the active and passive 
regiona This waveguide layer free of any discontinuity 
in semiconductor crystal structure allows the optical 
integrated circuit device to possess extremely superior 
properties free of any coupling loss. The coupling loss 

30 may be caused by a certain discontinuity In semicon- 
ductor crystal structure of tiie waveguide layer. The dis- 
continuity in semiconductor crystal structure of the 
waveguide layer may further cause a step like disconti- 
nuity in peripheral portions of the selectively formed 

35 waveguide layer. Such step like discontinuity in periph- 
eral portions of the selectively formed waveguide layer 
causes a scattering, resulting in a certain coupling loss. 
Contrary to the above present invention, if the 
waveguide layer is separately formed in tiie active and 

40 passive regions, then It is unavoidable that the disconti- 
nuity in semiconductor crystal structure of the 
waveguide layer and further the step like discontinuity in 
peripheral portions thereof are formed at the boundary 
between the active and passive regions. By contrast, if 

45 the waveguide layer extending over the active and pas- 
sive regions is simultaneously formed by the same crys- 
tal growth process in accordance with the present 
invention, then the semiconductor crystal structure of 
the waveguide layer is continuous not only over the 

50 active and passive regions but also at a boundary 
between the active and passive regions. The waveguide 
layer grown in accordance with the present invention is 
free of the discontinuity in semiconductor crystal struc- 
ture and of the step like discontinuity in peripheral por- 

55 tions. for which reason tiie optical integrated circuit 
having the above improved waveguide layer is free from 
the problem witii the coupling loss and can obtain excel- 
lent performances thereof. 

The above simultaneous crystal growtii of the 



15 



29 



EP 0 762 157 A2 



30 



waveguide layer over the active and passive regions by 
tlie single crystal growth process results in a simple fab- 
rication process. This may result in increase in yield of 
the products of the optical integrated circuit devices as 
well as in reduction in manufacturing cost thereof. 5 

It is possible that the width of the stripe like dielec- 
tric films remains constant over the passive region. 

Alternatively, it is possible that the width of the 
stripe like dielectric films varies on at least a part of the 
passive region. 10 

Further, alternatively, it is possible that the width of 
the stripe like dielectric films remains constant over the 
active region. 

Further more, alternatively, It is possible that the 
width of the stripe like dielectric films varies on at least is 
a pari of the active region to decrease toward the wave- 
length division multiplexing coupler. In this case, it is 
preferable that the decrease in the width of the stripe 
like dielectric films is a step tike decrease toward the 
wavelength division multiplexing coupler. so 

As illustrated in FIGS. 3, 4 and 5, the wavelength 
composition of the waveguide layer depends upon the 
width of the cfi electric mask by which the waveguide 
layer has been grown. As the dielectric mask width is 
increased, then the wavelength composition is simply 25 
increased, regardless of whether the waveguide layer 
connprises a bulk waveguide layer or a multiple quantum 
well waveguide layer. This means that it is possible to 
control the wavelength composition of the waveguide 
layer by controlling the dielectric mask width. 30 

It Is also possible that the gap of the stripe like die- 
lectric films remain constant over the passive and active 
regions. 

Alternatively, it is also possible that the gap of the 
stripe like dielectric films varies on at least a part of the 35 
passive and active regions. 

It Is also possible that the selective semiconductor 
crystal growth is carried out by an organic metal chemi- 
cal vapor deposition method. 

A first embodiment according to the present inven- 40 
tion will be described, wherein an optical Integrated cir- 
cuit device with an improved waveguide layer is 
provided. 

FIG. 6 is a perspective view illustrative of an optical 
integrated circuit device with an improved waveguide 45 
layer in the first embodiment according to the present 
invention. The optical integrated circuit device com- 
prises a passive region 101 and an active region 102. In 
the passive region 101 , a Y-branch is provided for guid- 
ing optical signals. In the active region 102. a 1.30 fi m so 
transmitter laser diode 3. a 1 .30 n m monitor photo- 
diode 4 for monitoring the 1.30 ^ m transmitter laser 
diode 3 and a 1 .30 ^ 1 m receiver photo-diode 5 are inte- 
grated. The 1.30 m transmitter laser diode 3 and the 
1.30 m receiver photo-diode 5 are coupled in parallel 55 
to the Y-branch 2. The 1 .30 11 m monitor photo-diode 4 
is positioned adjacent to a rear side of the 1.30 n m 
transmitter laser diode 3 for monitoring the 1 .30 n m 
transmitter laser diode 3. This optical integrated circuit 



device is adopted for transmitting and receiving 1 .30 \i 
m wavelength band signals, namely adopted for bi- 
directional communications of the 1 .30 p. m wavelength 
band signals. 

FIG. 7A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A' line in FIG. 6 in 
the first embodiment according to the present invention. 

The Y-branch has a ridged structure of laminations 
of semiconductor layers. The ridged structure is formed 
on an n-lnP substrate 1 1 . The ridged structure is buried 
in an InP burying layer 18 formed over the n-lnP sub- 
strate 1 1 . The ridged structure comprises the following 
compound semiconductor layers. An n-lnGaAsP layer 
12 is provided on the n-lnP substrate 11. An n-lnP 
spacer layer 13 is provided on the n-lnGaAsP layer 12. 
A bottom separate confinemertt hetero-structure layer 
14 is provided on the n-lnP spacer layer 13. A multiple 
quantum well layer 15 transparent and propagation to 
1 .30 ^ m wavelength band light Is provided on the bot- 
tom separate confinement hetero-structure layer 14. A 
top separate confinement hetero-structure layer 16 is 
provided on the multiple quantum well layer 15 so that 
the top and bottom separate confinement hetero-struc- 
ture layers 14 and 16 sandwich the multiple quantum 
well layer 15 to confine the light in the multiple quantum 
well layer 15 acting as a waveguide. An InP cladding 
layer 17 is provided on the top separate confinement 
hetero-structure layer 16. 

FIG. 7B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 6 In the first embodiment 
according to the present invention. 

The 1.30 \i m transmitter laser diode 3 has the 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is burled in an InP burying layer 18 
formed over the n-InP substrate 11. The ridged struc- 
ture conrprises the following compound semiconductor 
layers. The n-InGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 |i m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 1 7 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 7C is a fragmentary cross sectional elevation 
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view illLstrative of an interna! layered structure of the 
1 .30 m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 6 in the first embodiment according 
to the present invention. 5 

The 1 .30 n m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried In an InP burying layer 18 
formed over the n-!nP substrate 11. The ridged struc- io 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP is 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- , 
finement hetero-structure layer 16 is provided on the 20 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 2S 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 7D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 )i m monitor photo-diode 4 in the optical integrated 30 
circuit device with an improved waveguide layer, along 
an D-D* line in FIG. 6 in the first embodiment according 
to the present invention. 

The 1 .30 ^ m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 3S 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 40 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnQaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 ^ m wavelength 45 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 so 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum welt layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 55 

Fabrication processes of the above optical inte- 
grated circuit device will be described as follows. 

FIGS. 8A through 8D are perspective views illustra- 
tive of sequential fabrication processes of the optical 



integrated circuit device with the improved waveguide 
layer in the first embodiment according to the present 
invention. 

With reference to FIG. 8A, a grating 20 is selectively 
formed on a predetermined region within the active 
region of the n-lnP substrate 11 by an interference 
exposure or an electron beam exposure. An SiOg film 
21 as a dielectric film having a thickness of 1000 ang- 
stroms is deposited on an entire surface of the n-lnP 
substrate 1 1 by a thermal chemical vapor deposition 
method. 

With reference to FIG. 86, by use of the normal 
photo-lithography, the Si02 film 21 is selectively 
removed to form a pair of stripe Si02 masks 22. For the 
Y-branch 2 in the passive region 101 , the width Wm of 
the mask is 6 p m. For the 1 .30 n m transmitter laser 
diode 3. the 1.30 m monitor photo-diode 4 and the 
1.30 ^1 m receiver photo-diode 5 in the active region 
102, the width Wm of the mask is 12 ^ m. The gap of the 
masks 22 remains constant at 1 .5 fi m over the passive 
and active regions 101 and 102. For the 1-30 fi m trans- 
mitter laser diode 3. the length of the masks 22 is 300 fi 
m. For the 1 .30 ^ m monitor photo-diode 4, the length of 
the masks 22 is 50 ^ m. For the 1 .30 m receiver photo- 
diode 5. the length of the masks 22 is 50 p m. 

Wfth reference to FIG. SC. by use of the masks 22. 
a metal organic chemical vapor deposition is carried out 
to form the ridged structure comprising the following 
semiconductor layers. The n-lnGaAsP layer 12 is grown 
on the n-lnP sut)strate 11. The n-lnP spacer layer 13 is 
grown on the n-lnGaAsP layer 12. The bottom separate 
confinement hetero-structure layer 14 is grown on the n- 
InP spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 fi m wavelength 
band light is grown on the bottom separate confinement 
hetero-structure layer 14. The multiple quantum well 
layer comprises alternating laminations of InGaAsP well 
layers and InGaAsP barrier layers. The top separate 
confinement hetero-structure layer 16 is grown on the 
multiple quantum well layer 15. 

The wavelength compositions arxj the thicknesses 
of the above individual layers depend upon the mask 
width Wm. In the regions of the wide mask width Wm of 
12 (i m. the n-lnGaAsP layer 12 has a wavelength com- 
position of 1 . 15 m and a thickness of 1 000 angstroms. 
The n-lnP spacer layer 13 has a thickness of 1000 ang- 
stroms. The bottom separate confinement hetero-struc- 
ture layer 14 has a wavelength composition of 1.15 ^ m 
and a thickness of 1000 angstroms. The multiple quan- 
tum well layer 15 comprises seven periods of InGaAsP 
well layers having a wavelength composition of 1 .4 ^ m 
and a thickness of 45 angstroms and InGaAsP barrier 
layers having a wavelength composition of 1 .15 m m and 
a thickness of 100 angstroms. The top separate con- 
finement hetero-structure layer 16 has a wavelength 
composition of 1.15 m and a thickness of 1000 ang- 
stroms. The InP cladding layer 17 has a thickness of 
2000 angstroms. Of the Y-branch 2, the multiple quan- 
tum well waveguide layer 15 has a wavelength compo- 
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sition of 1.25 n m. Of the 1.30 m m transmitter laser 
diode 3, the 1 .30 m monitor photo-diode 4. the 1 .30 \i 
m receiver photo-diode 5. the multiple quantum well 
waveguide layer 15 has a wavelength composition of 
1.30 nm. 5 

With reference to FIG. 8D. the masks 22 are 
removed by a buffered fluorine acid solution before the 
InP burying layer 18 is grown on the entire surface of the 
substrate to bury the ridged structure. The InP burying 
layer 18 has a thickness of 2 m. By use of the normal io 
selective diffusion process, Zn is diffused over the 1.30 
(I m transmitter laser diode 3, the 1.30 m monitor 
photo*diode 4, the 1 .30 fi m receiver photo-diode 5 for 
evaporation of contact metal and subsequent polishing 
of the reverse side to evaporate the contact metal ts 
whereby the device is completed. 

The above optical integrated circuit device has 
been adopted for the bi-directional communications and 
suitable for minimization of the scale thereof, the rea- 
sons of which are as follows. so 

As described above, the 1 .30 fx m transmitter laser 
diode 3 and the 1.30 p m receiver photo<liode 5 are 
coupled in parallel to the Y-branch 2 for half duplex bi- 
directional communications. Since no wavelength divi- 
sion multiplexing coupler is provided, the scaling down ss 
of the device is facilitated. This results in a considerable 
reduction in manufacturing cost of the device. 

Further, the above ridged structure is grown by the 
single crystal growth using a single pair of the dielectric 
masks 22. This allows the individual semiconductor lay- 30 
ers. particularly the multiple quantum well waveguide 
layer, are free of discontinuity in crystal structure and 
also free from any stepped discontinuity in definitions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 3S 
crystal growth makes the fabrication processes simple. 
This further reduces the manufacturing cost of the 
device and improves the yield thereof. 

As modifications of the active elements, it is possi- 
ble to change the wavelength bands of the laser diode 4o 
and the photo diodes. For example, a combination of 
the 1.55 M m transmitter laser diode and the 1.30 n m 
receiver photo-diode is available. Further, other combi- 
nation of the 1,30 m transmitter laser diode and the 
1.55 n m receiver photo-diode is also available. Moreo- 45 
ver, the other combination of the 1.55 ^ m transmitter 
laser diode and the 1 .55 n m receiver photo-diode is 
also available. 

As modification of the dielectric masks. SiN masks 
are also available. The dielectric film may be formed by so 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer. InGaAs layers, InGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different compound ss 
semiconductors from that of the banrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. 



In place of the non-selective deposition of tiie bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
dielectric masks. 

FIG. 9 is a diagram illustrative of wavelength com- 
position of the semiconductor layer versus the dielectric 
mask widtii used for the metal organic chemical vapor 
deposition. As will be appreciated from FIG. 9, it is easy 
to control the wavelength composition of the waveguide 
layer by controlling tiie widtii of the dielectric masks. 

A second embodiment according to the present 
Invention will be desaibed. wherein an optical inte- 
grated circuit device with an improved waveguide layer 
is provided. 

FIG. 10 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the second embodiment according 
to the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In the passive region 101, a wavelength 
division multiplexing directional coupler 1 and a Y- 
branch 2 coupled to said wavelength division multiplex- 
ing directional coupler 1 are provided for guiding optical 
signals. In the active region 102, a 1.30 ^ m transmitter 
laser diode 3, a 1 .30 p m monitor photo-diode 4 for mon- 
itoring the 1 .30 n m transmitter laser diode 3 and a 1 .30 
li m receiver photo-diode 5 in addition a 1.55 |i m 
receiver photo-diode 6 are integrated. The 1.30 p m 
transmitter laser diode 3 and the 1.30 ^ m receiver 
photo-diode 5 are coupled in parallel to tiie Y-branch 2. 
The 1 .55 |i m receiver photo-diode 6 and the Y-branch 2 
are coupled in parallel to the wavelength division multi- 
plexing directional coupler 1. The 1.30 ^ m monitor 
photo-diode 4 is positioned adjacent to a rear side of tiie 
1.30 ^ m transmitter laser diode 3 for monitoring the 
1.30 ^ m transmitter laser diode 3. This optical inte- 
grated circuit device is adopted for ti'ansmitting 1 .30 |i m 
wavelength band signals and receiving 1 .30 \i m and 
1.55 fi m multiple wavelength band signals. 

FIG. 11 A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
wavelength division multiplexing directional coupler in 
the optical integrated circuit device with an improved 
waveguide layer, along an A-A* line in FIG. 1 0 in the sec- 
ond embodiment according to the present invention. 

The wavelength division multiplexing directional 
coupler has separate two ridged sti^uctures of lamina- 
tions of semiconductor layers. The ridged structures are 
formed on an n-lnP substrate 11. The ridged structures 
are buried in an InP burying layer 18 formed over the n- 
InP subsb^ate 11. Each of the ridged structures com- 
prises the following compound semiconductor layers. 
An n-lnGaAsP layer 12 is provided on the n-lnP sub- 
strate 1 1: An n- InP spacer layer 13 is provided on the n- 
InGaAsP layer 12. A bottom separate confinement het- 
ero-structure layer 14 is provided on the n-lnP spacer 
layer 13. A multiple quantum well layer 15 is provided on 
the txittom separate confinement hetero-structure layer 
14. A top separate confinement hetero-structure layer 
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16 is provided on the multiple quantum well layer 15 so 
that the top and bottom separate confinement hetero- 
structure layers 14 and 16 sandwich the multiple quan- 
tum well layer 15 to confine the light in the multiple 
quantum well layer 15 acting as a waveguide. An InP 
cladding layer 17 Is provided on the top separate con- 
finement hetero-structure layer 16. 

FIG. 11B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.30 n m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer 
along an B-B* line in FIG. 10 in the second embodiment 
according to the present invention. 

The 1.30 n m transmitter laser diode 3 has the 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substirate 1 1 . 
The ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substr-ate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 n m wavelength 
band light is provided on the bottom separate conf ine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. ' 

FIG. lie is a fragmentary cross sectional elevation 
view illustrative of an internal layered stmcture of the 
1 .30 ^ m receiver photo-diode 5 In the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 10 in the second embodiment 
according to the present invention. 

The 1 .30 n m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 



confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

5 FIG. 1 1 D is a fragmentary cross sectional elevation 

view illustrative of an internal layered structure of the 
1 .30 m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line in FIG. 10 in the second embodiment 
10 according to the present invention. 

The 1 .30 ^1 m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
15 formed over the n-lnP substrate 1 1. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
20 ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 ^ wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
25 finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well -layer 15 
30 acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate conf inement hetero-struc- 
ture layer 16. 

FIG. 1 1 E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
35 1 .55 n m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E* line in FIG. 10 in the second embodiment 
according to the present invention. 

The 1 .55 ^ m receiver photo-diode 6 has the ridged 
40 structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
45 layers. The n-lnGaAsP layer 1 2 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-InGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
so transparent and propagation to 1.30 m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
55 torn separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light In the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
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ture layer 16. 

Fabrication processes of the above optical inte- 
grated circuit device will be described as follows. 

FIGS. 12A through 12D are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the second embodiment according to the 
present invention. 

With reference to FIG. 12A. a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 11 by an interfer- 
ence exposure or an electron beam exposure. An Si02 
film 21 as a dielectric film having a thickness of 1000 
angstroms is deposited on an entire surface of the n-lnP 
substrate 11 by a thermal chemical vapor deposition 
method. 

With reference to FIG. 12B, by use of the normal 
photo-lithography, the Si02 film 21 is selectively 
removed to form a pair of stripe Si02 masks 22. For the 
wavelength division multiplexing coupler 1 and the Y- 
branch 2 in the passive region 1 01 , the width Wm of the 
mask is 6 ^ m. For the 1 .30 m m transmitter laser diode 
3, the 1 .30 M m monitor photo-diode 4 and the 1 ,30 m 
receiver photo-diode 5 In the active region 102. the 
width Wm of the mask is 12 |i m. For the 1.55^1 m 
receiver photo-diode 6 in the active region 102. the 
width Wm of the mask is 30 u rn. The gap of the masks 
22 remains constant at 1.5 u m over the passive and 
active regions 101 and 102. For the wavelength division 
multiplexing coupler 1, the length of the masks 22 Is 
1 000 m. For the 1 .30 ^ m transmitter laser diode 3, the 
length of the masks 22 is 300 ^ m. For the 1.30 \i m 
monitor photo-diode 4. the length of the masks 22 is 50 
\i m. For the 1 .30 n m receiver photo-diode 5. the length 
of the masks 22 is 50 m. For the 1.55 n m receiver 
photo-diode 6. the length of the masks 22 is 50 p. m. 

With reference to FIG. 12C. by use of the masks 22, 
a metal organic chemical vapor deposition is carried out 
to form the ridged structure comprising the following 
semiconductor layers. The n-lnGaAsP layer 12 is grown 
on the n-lnP substrate 1 1 . The n-lnP spacer layer 13 is 
grown on the n-lnGaAsP layer 12. The bottom separate 
confinement hetero-structure layer 14 is grown on the n- 
InP spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 m wavelength 
band light is grown on the bottom separate confinement 
hetero-structure layer 14. The multiple quantum well 
layer comprises alternating laminations of InGaAsP well 
layers and InGaAsP barrier layers. The top separate 
confinement hetero-structure layer 16 is grown on the 
multiple quantum well layer 15. 

The wavelength compositions and the thicknesses 
of the above individual layers depend upon the mask 
width Wm as illustrated in FIG. 9. In the regions of the 
wide mask width Wm of 12 ^ m. the n-lnGaAsP layer 1 2 
has a wavelength composition of 1 .15 m m and a thick- 
ness of 1000 angstroms. The n-lnP spacer layer 13 has 
a thickness of 400 angstroms. The bottom separate 
confinement hetero-structure layer 14 has a wavelength 



composition of 1.15 n m and a thickness of 1000 ang- 
stroms. The multiple quantum well layer 15 comprises 
seven periods of InGaAsP well layers having a wave- 
length composition of 1.4 ^ m and a thickness of 45 
5 angstroms and InGaAsP barrier layers having a wave- 
length composition of 1.15 ^ m and a thickness of 100 
angstroms. The top separate confinement hetero-struc- 
ture layer 16 has a wavelength composition of 1 ,15 n m 
and a thickness of 1000 angstroms. The InP cladding 
10 layer 17 has a thickness of 2000 angstroms. Of the 
wavelength division multiplexing coupler 1 , the multiple 
quantum well waveguide layer 15 has a wavelength 
composition of 1 .25 ^ m. Of the Y-branch 2, the multiple 
quantum well waveguide layer 15 has a wavelength 
75 composition of 1.25 m m. Of the 1.30 ^ m transmitter 
laser diode 3. the 1 .30 p m monitor photo-diode 4, the 
1.30 ^ m receiver photo-diode 5, the multiple quantum 
well waveguide layer 15 has a wavelength composition 
of 1 .30 ji m. Of the 1 ,55 ^ m receiver photo-diode 6. the 
so multiple quantum well waveguide layer 15 has a wave- 
length composition of 1.60 [i m. 

With reference to FIG. 12D, the masks 22 are 
removed by a buffered fluorine acid solution before the 
InP burying layer 18 is grown on the entire surface of the 
25 substrate to bury the ridged structure. The InP burying 
layer 18 has a thickness of 2 m. By use of the normal 
selective diffusion process. Zn is diffused over the 1.30 
u m transmitter laser diode 3, the 1.30 n m monitor 
photo-diode 4. the 1.30 n m receiver photo-diode 5 and 
30 the 1.55 ^ m receiver photo-diode 6 for evaporation of 
contact metal and subsequent polishing of the reverse 
side to evaporate the contact metal whereby the device 
is completed. 

The above optical integrated circuit device has 
35 been adopted for the multiple media communications 
and the bi-directional communications and further suita- 
ble for minimization of the scale thereof, the reasons of 
which are as follows. 

As described above, the 1.30 |i m receiver photo- 
40 diode 5, the 1.55 m receiver photo-diode 6 and the 
wavelength division multiplexing coupler 1 are inte- 
grated. Even If character information of 1.30 n m wave- 
length band signals and image information of 1.55 ^ m 
wavelength band signals are transmitted on a single 
45 channel or the multiplexed 1 .30 ^ m and 1 .55 ^ m wave- 
length band signals are transmitted, the wavelength 
division multiplexing coupler 1 divides the multiplexed 
1.30 M m and 1.55 p m wavelength band signals into 
individual 1.30 m and 1.55 ^ m wavelength band sig- 
50 nals so that the 1 .30 p m receiver photo-diode 5 and the 
1.55 p m receiver photo-diode 6 receive the divided 
1 -30 m and 1 .55 p m wavelength band signals respec- 
tively without interference between them. Since the 
above wavelength division multiplexing coupler 1 is a 
55 directional coupler, the length thereof Is about one third 
of the Mach-Zehnder type wavelength division multi- 
plexing coupler. This allows a scaling down of the opti- 
cal integrated circuit device. 

Further, the above ridged structure is grown by the 
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single crystal growth using a single pair of the dielectric 
masks 22. This allows the individual semiconductor lay- 
ers, particularly the multiple quantum well waveguide 
layer, are free of discontinuity in crystal structure and 
also free from any stepped discontinuity in definitions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 
crystal growth makes the fabrication processes simple. 
This further reduces the manufacturing cost of the 
device and improves the yield thereof. 

The above wavelength division multiplexing coupler 
waveguide layer has a ridged structure buried in the bur- 
ying layer 18. This allows to set the sanne optical con- 
finement forces between in the TM mode and in the TE 
mode» for which reason the wavelength division multi- 
plexing coupler is likely to be independent from the 
polarization. The optical coniinement force is uniform 
between in the vertical and lateral directions, for which 
reason the spot size shape in the passive waveguide is 
relatively isotropic. This makes it hard to cause the cou- 
pling loss. 

As modification of the dielectric masks. SiN masks 
are also available. The dielectric film may be formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer, InGaAs layers, InGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different compound 
semiconductors from that of the barrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. 

In place of the non-selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
dielectric masks. 

A third embodiment according to the present inven- 
tion will be described, wherein an optical integrated cir- 
cuit device with an improved waveguide layer is 
provided. 

FIG. 13 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the third embodiment according to 
the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In the passive region 101, a wavelength 
division multiplexing directional coupler 1 and a Y- 
branch 2 coupled to said wavelength division multiplex- 
ing directional coupler 1 are provided for guiding optical 
signals. In the active region 102, a 1.30 ^ m transmitter 
laser diode 3. a 1 30 n m monitor photo-diode 4 for mon- 
itoring the 1 .30 fi m transmitter laser diode 3 and a 1 .30 
m receiver photo-diode 5 in addition a 1.55 ft m 
receiver photo-diode 6 are integrated. The 1.30 n m 
transmitter laser diode 3 and the 1 .30 n m receiver 
photo-diode 5 are coupled in parallel to the Y-branch 2. 
The 1 .55 m receiver photo-diode 6 and the Y-branch 2 
are coupled in parallel to the wavelength division multi- 
plexing directional coupler 1. The 1.30 ^ m monitor 



photo-diode 4 is positioned adjacent to a rear side of the 
1.30 n m transmitter laser diode 3 for monitoring the 
1,30 m transmitter laser diode 3. This optical inte- 
grated circuit device is adopted for transnnitting 1 .30 ^ m 

5 wavelength band signals and receiving 1 .30 n m and 
1.55 m multiple wavelength band signals. 

FIG. 14A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
wavelength division nxjitiplexing directional coupler in 

10 the optical integrated circuit device with an improved 
waveguide layer, along an A-A* line in FIG, 13 in the 
third embodiment according to the present invention. 

The wavelength division multiplexing directional 
coupler has separate two ridged structures of lamina- 

15 tions of semiconductor layers. The ridged structures are 
formed on an n-lnP substrate 1 1 . The ridged structures 
are buried in an inP burying layer 18 formed over the n- 
InP substrate 11. Each of the ridged structures com- 
prises the following compound semiconductor layers. 

20 An n-lnGaAsP layer 12 is provided on the n-lnP sub- 
strate 1 1 . An n-lnP spacer layer 1 3 is provided on the n- 
InGaAsP layer 12. A bottom separate confinement het- 
ero-structure layer 14 is provided on the n-lnP spacer 
layer 1 3. A multiple quantum well layer 1 5 is provided on 

25 the bottom separate confinement hetero-structure layer 
14. A top separate confinement hetero-structure layer 
16 is provided on the multiple quantum well layer 15 so 
that the top and bottom separate confinement hetero- 
structure layers 14 and 16 sandwich the multiple quan- 
go turn well layer 15 to confine the light in the":multiple 
quantum well layer 15 acting as a waveguide. An InP 
cladding layer 17 is provided on the top separate con- 
finement hetero-structure layer 16. 

FIG. 14B is a fragmentary cross sectional elevation 

35 view illustrative of an internal layered structure of the 
1,30 n m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG. 13 in the third embodiment 
according to the present invention. 

40 The 1.30 m transmitter laser diode 3 has the 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 

45 ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 Is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 

50 Spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 |a m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 

55 multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
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provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 14C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 13 in the third embodiment accord- 
ing to the present invention. 

The 1.30 n m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 1 1 . The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnQaAsP layer 1 2 is provided on the n-lnP 
substrate 11. The n-InP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 ^ m wavelength 
band light Is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 14D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ji m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line in FIG. 13 in the third embodiment accord- 
ing to the present invention. 

The 1.30 n m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is burled in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnQaAsP layer 12 is provided on the n-lnP 
substrate 1 1 . The n-lnP spacer layer 13 is provided on 
the n-lnOaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. . 

FIG. 14E is a fragmentary cross sectional elevation 



view illustrative of an internal layered structure of the 
1 .55 ^ m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E' line in FIG. 13 in the third embodiment accord- 
5 ing to the present invention. 

The 1 .55 n m receiver photo-diode 6 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
10 formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-!nGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
75 ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 )i m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
so finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom sqDarate confinement hetero-structure layers 14 
and 16 sandwich the multiple quarttum well layer 15 to 
confine the light in the multiple quantum well layer 15 
25 acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

Fabrication processes of tiie above optical inte- 
grated circuit device will be described as follows. 
30 FIGS. 1 5A through 1 50 are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the third embodiment according to the present 
invention. 

35 With reference to FIG. 15 A, a grating 20 is selec- 
tively formed on a predetermined region witiiin the 
active region of the n-lnP substrate 11 by an interfer- 
ence exposure or an electron beam exposure. An Si02 
film 21 as a dielectric film having a thickness of 1000 

40 angstroms is deposited on an entire surface of tiie n- InP 
substrate 1 1 by a thermal chemical vapor deposition 
method. 

With reference to FIG. 15B, by use of tiie normal 
photo-litiiography. the Si02 film 21 is selectively 

45 removed to form a pair of stripe Si02 masks 22. For the 
wavelength division multiplexing coupler 1 and the Y- 
branch 2 in tiie passive region 101 , tiie width Wm of the 
mask is 6 ^ m. For the 1 .30 ^ m transmitter laser diode 
3. the width Wm of tiie mask is 12 ^ m. For the 1.30 m 

50 monitor photo-diode 4 and the 1 .30 n m receiver photo- 
diode 5 in the active region 102, the width Wm of the 
mask is 16 (I m. For the 1 .55 p m receiver photo-diode 
6 in the active region 102, the width Wm of the mask is 
30 n m. The gap of the masks 22 remains constant at 

55 1.5 n m over the passive and active regions 101 and 
102. For the wavelength division multiplexing coupler 1 , 
the length of the masks 22 Is 1000 p m. For tiie 1.30 \x 
m transmitter laser diode 3. the length of the masks 22 
is 300 p m. For the 1 .30 |i m monitor photo-diode 4. the 
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length of the masks 22 is 50 jx m. For the 1.30 n m 
receiver photo-diode 5, the length of the masks 22 is 50 
li m. For the 1 .55 n m receiver photo-diode 6, the length 
of the rnasks 22 is 50 ^ m. 

With reference to FIG. 1 5C, by use of the masks 22, s 
a metal organic chemical vapor deposition is canried out 
to form the ridged structure comprising the following 
semiconductor layers. The n-lnGaAsP layer 12 is grown 
on the n-lnP substrate 1 1 . The n-lnP spacer layer 13 is 
grown on the n-lnGaAsP layer 12. The bottom separate io 
confinement hetero-structure layer 14 is grown on the n- 
InP spacer layer 13. The multiple quantum well layer 15 
transparent and propiagatron to 1.30 |i m wavelength 
band light is grown on the bottom separate confinement 
hetero-structure layer 14. The multiple quantum well is 
layer comprises alternating laminations of InGaAsP well 
layers and InGaAsP barrier layers. The top separate 
confinement hetero-structure layer 16 is grown on the 
multiple quantum well layer 15. 

The wavelength compositions and the thicknesses 20 
of the above individual layers depend upon the mask 
width Wm as illustrated in FIG. 9. In the regions of the 
wide mask width Wm of 12 ^ m. the n-lnGaAsP layer 12 
has a wavelength composition of 1.15 m m and a thick- 
ness of 1000 angstroms. The n-lnP spacer layer 13 has 25 
a thickness of 400 angstroms. The bottom separate 
confinement hetero-structure layer 14 has a wavelength 
composition of 1.15 fi m and a thickness of 1000 ang- 
stroms. The multiple quantum well layer 15 comprises 
seven periods of InGaAsP well layers having a wave- 30 
length composition of 1.4 ^ m and a thickness of 45 
angstroms and InGaAsP barrier layers having a wave- 
length composition of 1.15 ^ m and a thickness of 100 
angstroms. The top separate confinement hetero-struc- 
ture layer 1 6 has a wavelength composition of 1 .1 5 m 35 
and a thickness of 1000 angstroms. The InP cladding 
layer 17 has a thickness of 2000 angstroms. Of the 
wavelength division multiplexing coupler 1. the multiple 
quantum well waveguide layer 15 has a wavelength 
composftion of 1 .25 \i m. Of the Y-branch 2. the multiple 40 
quantum well waveguide layer 15 has a wavelength 
composition of 1.25 m. Of the 1.30 n m transmitter 
laser diode 3, the multiple quantum well waveguide 
layer 15 has a wavelength composition of 1 .30 11 m. Of 
the 1.30 ji m monitor photo-diode 4 and the 1.30 ^ m 45 
receiver photo-diode 5, the multiple quantum well 
waveguide layer 15 has a wavelength composition of 
1.35 p m. Of the 1.55 ^ m receiver photo-diode 6. the 
multiple quantum well waveguide layer 15 has a wave- 
length composition of 1.60 \i m. so 

With reference to FIG. 15D, the masks 22 are 
removed by a buffered fluorine acid solution before the 
InP burying layer 1 8 is grown on the entire surface of the 
substrate to bury the ridged structure. The InP burying 
layer 18 has a thickness of 2 ^ m. By use of the normal ss 
selective diffusion process, Zn is diffused over the 1.30 
M m transmitter laser diode 3, the 1.30 u m monitor 
photo-diode 4, the 1 .30 ^ m receiver photo-diode 5 and 
the 1.55 fi m receiver photo-diode 6 for evaporation of 



contact metal and subsequent polishing of the reverse 
side to evaporate the contact metal whereby the device 
is completed. 

The above optical integrated circuit device has 
been adopted for the multiple media communications 
and the bi-directional communications and further suita- 
ble for minimization of the scale thereof in addition the 
sensitivity for receiving the light is also improved, the 
reasons of which are as follows. 

As described above, of the 1 .30 (i m monitor photo- 
diode 4 and the 1.30 m receiver photo-diode 5, the 
multiple quantum well waveguide layer 15 has a wave- 
length composition of 1 .35 ji m which is longer by 0.05 
\i m than the receiving optical signals of 1 .30 |i m wave- 
length band. This wavelength composition of 1.35 fi m 
improves the absorption of the optical signals of 1 .30 p 
m wavelength band rather than the wavelength compo- 
sition of 1 .30 p m. The efficiency of receipt of the optical 
signals of 1 .30 ^ m wavelength band is improved. The 
monitoring ability is also improved. 

In addition, the 1 .30 ^ m receiver photo-diode 5. the 
1.55 )i m receiver photo-diode 6 and the wavelength 
division multiplexing coupler 1 are integrated. Even if 
character information of 1 .30 p m wavelength band sig- 
nals and image information of 1.55 ^ m wavelength 
band signals are transmitted on a single channel or the 
multiplexed 1.30 ^ m and 1.55 u m wavelength band 
signals are transmitted, the wavelength division multi- 
plexing coupler 1 divides the multiplexed 1.30 ^ m and 
1.55 p m wavelength band signals into Individual 1.30 \i 
m and 1 .55 p m wavelength band signals so that the 
1.30 p m receiver photo-diode 5 and the 1.55 \i m 
receiver photo-diode 6 receive the divided 1 .30 p m and 
1.55 p m wavelength band signals respectively without 
interference between them. Since the above wave- 
length division multiplexing coupler 1 is a directional 
coupler, the length thereof is about one third of the 
Mach-Zehnder type wavelength division multiplexing 
coupler This allows a scaling down of the optical inte- 
grated circuit device. 

Further more, the above ridged structure is grown 
by the single crystal growth using a single pair of the 
dielectric masks 22. This allows the individual semicon- 
ductor layers, particularly the multiple quantum well 
waveguide layer, are free of discontinuity in crystal 
structure and also free from any stepped discontinuity in 
definitions of the above layers. This allows the 
waveguide layer to be free from a substantive coupling 
loss. Moreover, single crystal growth makes the fabrica- 
tion processes simple. This further reduces the manu- 
facturing cost of the device and. improves the yield 
thereof. 

The above wavelength division multiplexing coupler 
waveguide layer has a ridged structure buried in the bur- 
ying layer 18. This allows to set the same optical con- 
finement forces between in the TM mode and in the TE 
mode, for which reason the wavelength division multi- 
plexing coupler is likely to be independent from the 
polarization. The optical confinement force is uniform 



23 



45 



EP 0 762 157 A2 



46 



between in the vertical and lateral directions, for which 
reason the spot size shape in the passive waveguide is 
relati'vely isotropic. This makes it hard to cause the cou- 
pling loss. 

As modification of the dielectric masks, SiN masks 
are also available. The dielectric film may be formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer, InGaAs layers, InGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different conpound 
semiconductors from that of the barrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. 

In place of the non-selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
dielectric masks. 

A fourth embodiment according to the present 
invention will be described, wherein an optical inte- 
grated circuit device with an Improved waveguide layer 
is provided. 

FIG. 16 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the fourth embodiment according to 
the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In the passive region 101, a wavelength 
division multiplexing directional coupler 1 and a Y- 
branch 2 coupled to said wavelength division multiplex- 
ing directional coupler 1 are provided for guiding optical 
signals. In the active region 102. a 1.30 fi m transmitter 
laser diode 3. a 1 .30 ^ m monitor photo-diode 4 for mon- 
itoring the 1,30 ^ m transmitter laser diode 3 and a 1.30 
m receiver photo-diode 5 In addition a 1.55 m 
receiver photo-diode 6 are integrated. The 1.30 \i m 
transmitter laser diode 3 and the 1.30 ^ m receiver 
photo-diode 5 are coupled in parallel to the Y-branch 2. 
The 1.55 m receiver photo-diode 6 and the Y-branch 2 
are coupled in parallel to the wavelength division multi- 
plexing directional coupler 1. The 1.30 n m monitor 
photo-diode 4 is positioned adjacent to a rear side of the 
1 .30 n m transmitter laser diode 3 for monitoring the 
1 .30 n m transmitter laser diode 3. A spot size converter 
7 is further provided at a facet coupled to an optical fiber 
not illustrated. The spot size converter 7 facilitates cou- 
pling between the wavelength division multiplexing 
directional coupler 1 and the optical fiber. This optical 
integrated circuit device is adopted for transmitting 1.30 
111 m wavelength band signals and receiving 1.30 ^ m 
and 1.55 ^ m multiple wavelength band signals. 

FIG. 17A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
wavelength division multiplexing directional coupler in 
the optical integrated circuit device with an improved 
waveguide layer, along an A-A* line in FIG. 16 in the 
fourth embodiment according to the present invention. 
The wavelength division multiplexing directional 



coupler has separate two ridged structures of lamina- 
tions of semiconductor layers. The ridged structures are 
formed on an n-lnP substrate 1 1 . The ridged structures 
are buried in an InP burying layer 18 formed over the n- 

5 InP substrate 11. Each of the ridged structures com- 
prises the following compound semiconductor layers. 
An n-lnGaAsP layer 12 is provided on the n-lnP sub- 
strate 1 1 . An n-lnP spacer layer 13 is provided on the n- 
InGaAsP layer 12. A bottom separate confinement het- 

10 ero-structure layer 14 is provided on the n-lnP spacer 
layer 1 3. A multiple quantum well layer 1 5 is provided on 
the bottom separate confinement hetero-structure layer 
14. A top separate confinement hetero-structure layer 
16 is provided on the multiple quantum well layer 15 so 

15 that the top and bottom separate confinement hetero- 
structure layers 14 and 16 sandwich the multiple quan- 
tum well layer 15 to confine the light in the multiple 
quantum well layer 15 acting as a waveguide. An InP 
cladding layer 17 is provided on the top separate con- 

20 finement hetero-structure layer 16. 

FIG. 17B is a fragmentary cross sectional elevation 
view' illustrative of an internal layered structure of the 
1 .30 fi m transmitter laser diode 3 in the optical inte- 
grated circuit device with an innproved waveguide layer, 

25 along an B-B' line in FIG. 16 in the fourth embodiment 
according to the present invention. 

The 1.30 ji m transmitter laser diode 3 has the 
ridged structure of laminations of semicorKfuctor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 

30 The ridged staicture is buried in an InP burying layer 1 8 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 Is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 

35 the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 fi m wavelength 
band light is provided on the t>ottom separate confine- 

40 ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 

45 confine the ligfit in the multiple quantum well layer 1 5 
acting as the waveguide. The InP cladding layer 1 7 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 17C is a fragmentary cross sectional elevation 

50 view illustrative of an internal layered structure of the 
1 .30 m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C* line in FIG. 16 in the fourth embodiment accord- 
ing to the present invention. 

55 The 1 .30 H m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-!nP substrate 11. The ridged struc- 
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ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 Is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 1 4 Is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 n m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 1 7D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 n m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line In FIG. 16 in the fourth embodiment accord- 
ing to the presertt invention. 

The 1 .30 ji m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP sutetrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-InP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent arid propagation to 1.30 n m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 17E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.55 ILL m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E' line in FIG. 16 in the fourth embodiment accord- 
ing to the present invention. 

The 1 .55 ^ m receiver photo-diode 6 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1. The 
ridged structure is buried in an InP burying layer 18 
formed over the n-InP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 



the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 m wavelength 

5 band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-stmcture layers 14 

10 arid 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

15 FIG. 17F is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
spot size converter 7 in the optical integrated circuit 
device with an inrproved waveguide layer, along an F-F* 
line in FIG. 16 in the fourth embodiment according to 

20 the present invention. 

The spot size converter 7 has the ridged structure 
of laminations of semiconductor layers. The ridged 
structure is formed on an n-lnP substrate 1 1 . The ridged 
structure is buried in an InP burying layer 18 formed 

25 over the n-lnP substrate 1 1 . The ridged structure com- 
prises the following compound semiconductor layers. 
The n-lnGaAsP layer 12 provided on the n-lnP sub- 
strate 11. The n-lnP spacer layer 13 is provided on the 
n-lnGaAsP layer 12. The bottom separate confinement 

30 hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 

35 finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 

40 acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

Fabrication processes of the above optical inte- 
grated circuit device will be described as follows. 
45 FIGS. 1 8A through 1 8E are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the fourth embodiment according to the present 
invention. 

50 With reference to FIG. ISA, a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 11 by an interfer- 
ence exposure or an electron beam exposure. An SiOs 
film 21 as a dielectric film having a thickness of 1000 

55 angstroms is deposited on an entire surface of the n-lnP 
substrate 1 1 by a thermal chemical vapor deposition 
method. 

With reference to FIG. 18B, by use of the normal 
photo-lithography, the SiOg film 21 is selectively 
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removed to form a pair of stripe SiOg masks 22. For the 
wavelength division multiplexing coupler 1 and the Y- 
branch 2 in the passive region 1 01 » the width Wm of the 
mask is 6 ^ m. For the 1 .30 p. m transmitter laser diode 
3. the 1 .30 n m monitor photo-diode 4 and the 1.30 ^ m 5 
receiver photo-diode 5 in the active region 102, the 
width Wm of the mask is 12 n m. For the 1.55 ^ m 
receiver photo-diode 6 in the active region 102. the 
width Wm of the mask is 30 \i m. The gap of the masks 
22 remains constant at 1.5 ji m over the passive and 70 
active regions 101 and 102. For the wavelength division 
multiplexing coupler 1 . the length of the masks 22 is 
1000 II m. For the 1 .30 p m transmitter laser diode 3, the 
length of the masks 22 is 300 \i m. For the 1 .30 ^ m 
monitor photo-diode 4. the length of the masks 22 is 50 is 
\i m. For the 1 .30 m receiver photo-diode 5. the length 
of the masks 22 is 50 m. For the 1.55 ^ m receiver 
photo-diode 6. the length of the masks 22 is 50 m. 

With reference to FIG. 18C, the above masks 22 
has a tapered structure in a spot size corrverter region 20 
37. The width of the masks 22 is reduced from 6 n m to 
2 fi m toward the facet or the edge of the substrate and 
the gap between them is also reduced from 1 .5 ^ m to 
0.5 n m toward the facet or the edge of the substrate. 
For the spot size converter region 37, the length of the 25 
masks 22 is 500 \i m. 

With reference to FIG. 1 8D. by use of the masks 22. 
a metal organic chemical vapor deposition is carried out 
to form the ridged structure conrprising the following 
semiconductor layers. The n-lnGaAsP layer 12 is grown 30 
on the n-lnP substrate 11. The n-lnP spacer layer 13 is 
grown on the n-lnGaAsP layer 12. The bottom separate 
confinement hetero-structure layer 14 is grown on the n- 
InP spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 m wavelength 35 
band light is grown on the bottom separate confinement 
hetero-structure layer 14. The multiple quantum well 
layer comprises alternating laminations of InGaAsP well 
layers and InGaAsP barrier layers. The top separate 
confinement hetero-structure layer 16 is grown on the 40 
multiple quantum well layer 15. 

The wavelength compositions and the thicknesses 
of the above individual layers depend upon the mask 
width Wm as illustrated in FIG. 9. In the regions of the 
wide mask width Wm of 12 p m. the n-lnGaAsP layer 1 2 45 
has a wavelength composition of 1.15 n m and a thick- 
ness of 1000 angstroms. The n-lnP spacer layer 13 has 
a thickness of 400 angstroms. The bottom separate 
confinement hetero-structure layer 14 has a wavelength 
composition of 1.15 ^ m and a thickness of 1000 ang- so 
stroms. The multiple quantum well layer 15 comprises 
seven periods of InGaAsP well layers having a wave- 
length composition of 1.4 m and a thickness of 45 
angstroms and InGaAsP barrier layers having a wave- 
length composition of 1 .15 ^ m and a thickness of 100 55 
angstroms. The top separate confinement hetero-struc- 
ture layer 1 6 has a wavel ength composition of 1 . 1 5 n m 
and a thickness of 1000 angstroms. The InP cladding 
layer 17 has a thickness of 2000 angstroms. Of the 



wavelength division multiplexing coupler 1 , the multiple 
quantum well waveguide layer 15 has a wavelength 
composition of 1.25 11 m. Of the Y-branch 2. the multiple 
quantum well waveguide layer 15 has a wavelength 
composition of 1.25 m. Of the 1.30 ix m transmitter 
laser diode 3, the 1 .30 m monitor photo-diode 4, the 
1.30 m receiver photo-diode 5. the multiple quantum 
well waveguide layer 15 has a wavelength composition 
of 1 .30 m. Of the 1.55 m receiver photo-diode 6. the 
multiple quantum well waveguide layer ^5 has a wave- 
length composition of 1 .60 n m. Of the spot size con- 
verter 7, the well layers have thicknesses reduced 
toward the facet from 33 angstroms to 20 angstroms 
and also the barrier layers have thicknesses reduced 
toward the facet from 1 5 angstroms to 9 angstroms. 

With reference to FIG. 18E. the masks 22 are 
removed by a buffered fluorine acid solution before the 
InP burying layer 18 is grown on the entire surface of the 
substrate to bury the ridged structure. The InP burying 
layer 18 has a thickness of 2 ^ m. By use of the normal 
selective diffusion process. Zn is diffused over the 1 .30 
H m transmitter laser diode 3, the 1.30 ji m monitor 
photo-diode 4, the 1.30 ji m receiver photo-diode 5 and 
the 1.55 ^ m receiver photo-diode 6 for evaporation of 
contact metal and subsequent polishing of the reverse 
side to evaporate the contact metal whereby the device 
iscompleted. 

The above optical integrated circuit device has 
been adopted for coupling to the optical fiber as well as 
for the multiple media communications and the bi<lirec- 
tional communications and further suitable for minimiza- 
tion of the scale thereof, the reasons of which are as 
follows. 

As described above, the spot size converter 7 
improves the coupling efficiency between the optical 
integrated circuit and the optical fiber. Further, the 1 .30 
^1 m receiver photo-diode 5, the 1 .55 ^ m receiver photo- 
diode 6 and the wavelength division multiplexing cou- 
pler 1 are integrated. Even if character information of 
1 .30 H m wavelength band signals and image informa- 
tion of 1.55 n m wavelength band signals are transmit- 
ted on a single channel or the multiplexed 1 .30 n m and 
1 .55 ^ m wavelength band signals are transmitted, the 
wavelength division multiplexing coupler 1 divides the 
multiplexed 1.30 m and 1,55 n m wavelength band 
signals into individual 1.30 |i m and 1.55 ji m wave- 
length band signals so that the 1 .30 ^ m receiver photo- 
diode 5 and the 1 .55 m receiver photo-diode 6 receive 
the divided 1 .30 m and 1 .55 ^ m wavelength band sig- 
nals respectively without interference between them. 
Since the above wavelength division multiplexing cou- 
pler 1 is a directional coupler, the length thereof is about 
one third of the Mach-Zehnder type wavelength division 
multiplexing coupler. This allows a scaling down of the 
optical integrated circuit device. 

Further, the above ridged structure is grown by the 
single crystal growth using a single pair of the dielectric 
masks 22. This allows the individual semiconductor lay- 
ers, particularly the multiple quantum well waveguide 
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layer, are free of discontinuity in crystal structure and 
also free from any stepped discontinuity in definitions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 
crystal growth makes the fabrication processes simple. 5 
This further reduces the manufacturing cost of the 
device and improves the yield thereof. 

The above wavelength division multiplexing coupler 
waveguide layer has a ridged structure buried in the bur- 
ying layer 18. This allows to set the same optical con- 10 
f inement forces between in the TM mode and in the TE 
mode, for which reason the wavelength division multi- 
plexing coupler is likely to be independent from the 
polarization. The optical confinement force is uniform 
between in the vertical and lateral directions, for which is 
reason the spot size shape in the passive waveguide is 
relatively isotropic. This makes it hard to cause the cou- 
pling loss. 

As modification of the dielectric masks, SiN masks 
are also available. The dielectric film may be formed by 20 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer, InGaAs layers, IrtGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different compound 25 
semiconductors from that of the barrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is can'ied out dur- 
ing the selective growth processes. 

In place of the non-selective deposition of the bur- 30 
ted layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
dielectric masks. 

A fifth embodiment according to the present inven- 
tion will be described, wherein an optical integrated dr- 35 
cuit device with an improved waveguide layer is 
provided. 

FIG. 19 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the fifth embodiment according to 40 
the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In the passive region 101, a wavelength 
division multiplexing directional coupler 1 and a Y- 
branch 2 coupled to said wavelength division multiplex- 45 
ing directional coupler 1 are provided for guiding optical 
signals. In the active region 102, a 1 .30 ^ m transmitter 
laser diode 3, a 1 .30 ^ m monitor photo-diode 4 for mon- 
itoring the 1 .30 ^ m transmitter laser diode 3 and a 1 .30 
li m receiver photo-diode 5 in addition a 1.55 m so 
receiver photo-diode 6 are integrated. The 1.30 m 
transmitter laser diode 3 and the 1 .30 ^ m receiver 
photo-diode 5 are coupled in parallel to the Y-branch 2. 
The 1 .55 M m receiver photo-diode 6 and the Y-branch 2 
are coupled in parallel to the wavelength division multi- ss 
plexing directional coupler 1. The 1.30 m monitor 
photo-diode 4 is positioned adjacent to a rear side of the 
1 .30 |i m transmitter laser diode 3 for monitoring the 
1 .30 ji m transmitter laser diode 3. A window 8 is further 



provided at a facet coupled to an optical fiber not illus- 
trated. The window 8 reduces a reflectivity at the facet 
into almost zero. This optical integrated circuit device is 
adopted for transmitting 1 .30 nri wavelength band sig- 
nals and receiving 1.30 ^ m and 1 ,55 n m multiple wave- 
length band signals. 

FIG. 20A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
wavelength division multiplexing directional coupler in 
the optical integrated circuit device with an improved 
waveguide layer, along an A-A' line in FIG. 1 9 in the fifth 
embodiment according to the present invention. 

The wavelength division multiplexing directional 
coupler has separate two ridged structures of lamina- 
tions of semiconductor layers. The ridged structures are 
formed on an n-lnP substrate 1 1 . The ridged structures 
are buried in an InP burying layer 1 8 formed over the n- 
InP substrate 1 1 . Each of the ridged structures com- 
prises the following compound semiconductor layers. 
An n-lnGaAsP layer 12 is provided on the n-lnP sub- 
strate 1 1 . An n-lnP spacer layer 13 is provided on the n- 
InGaAsP layer 12. A bottom separate confinement het- 
ero-structure layer 14 is provided on the n-lnP spacer 
layer 1 3. A multiple quantum well layer 1 5 is provided on 
the bottom separate confinement hetero-structure layer 
14. A top separate confinement hetero-structure layer 
16 is provided on the multiple quantum well layer 15 so 
that the top and bottom separate confinement hetero- 
structure layers 14 and 16 sandwich the multiple quan- 
tum well layer 15 to confine the light in the- multiple 
quantum well layer 15 acting as a waveguide. An InP 
cladding layer 1 7 is provided on the top separate con- 
finement hetero-structure layer 16. 

FIG. 20 B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.30 n m transmitter laser diode 3 in the optical inte- 
grated drcuit device with an improved waveguide layer, 
along an B-B* line in FIG. 19 in the fifth embodiment 
according to the present invention. 

The 1.30 ^ m transmitter laser diode 3 has the 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
mertt hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 p m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on tiie 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as tiie waveguide. The InP cladding layer 17 is 
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provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG, 20C is a fragmentary cross sectional elevation 
v;aw illustrative of an internal layered structure of the 
1 -30 m receiver photo-diode 5 in the optical integrated s 
circuit device with an improved waveguide layer, along 
an C-C* line in FIG. 19 in the fifth embodiment according 
to the present invention. 

The 1 .30 p m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The io 
ridged structure is formed on an n-lnP substrate 11. The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 1 2 is provided on the n-lnP is 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
trar^parent and propagation to 1.30 m- m wavelength 20 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 25 
and 16 sandwich the multiple quantum wetl layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 30 

FIG. 20D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^i m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line in FIG, 19 in the fifth embodiment according 35 
to the present Invention. 

The 1 .30 M m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 40 
formed over the n-lnP substrate 1 1 . The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 45 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 ^ m wavelength 
band light Is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- so 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 ss 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 20E is a fragmentary cross sectional elevation 



view illustrative of an internal layered structure of the 
1 .55 m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E' line in FIG. 19 in the fifth embodiment according 
to the present Invention. 

The 1 .55 m receiver photo-diode 6 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 Is provided on 
the n-!nGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 \i m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 1 5 
acting as the waveguide. The InP cladding layer 1 7 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 20F Is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
window 8 in the optical Integrated circuit device with an 
improved waveguide layer along an F-F' line in FIG. 19 
in the fifth embodiment according to the present Inven- 
tion. 

The window 8 is formed on an n-lnP substrate 1 1 . 
Namely, the above ridged structure does not extend 
over this window region 8. 

Fabrication processes of the above optical inte- 
grated circuit device will be desaibed as follows. 

FIGS. 21 A through 21 E are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the fifth embodiment according to the present 
invention. 

With reference to FIG. 21 A, a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 11 by an interfer- 
ence exposure or an electron beam exposure. An Si02 
film 21 as a dielectric film having a thickness of 1000 
angstroms is deposited on an entire surface of the n-lnP 
substrate 11 by a thermal chemical vapor deposition 
metiiod. 

With reference to FIG, 21 B, by use of the normal 
photo-lithography, the Si02 film 21 is selectively 
removed to form a pair of stripe SiOa masks 22 except 
for the window region 8. For the wavelength division 
multiplexing coupler 1 and the Y-branch 2 in the passive 
region 101 , the width Wm of the mask is 6 ^ m. For the 
1 .30 ^ m transmitter laser diode 3. the 1 .30 ji m monitor 
photo-diode 4 and the 1.30 p m receiver photo-diode 5 
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in the active region 102, the width Wm of the mask is 12 
\x m. For the 1.55 n m receiver photo-diode 6 in the 
active region 102. the width Wm of the mask is 30 ^ m. 
The gap of the masks 22 remains constant at 1.5 ^ m 
over the passh/e and active regions 101 and 102. For 
the wavelength division multiplexing coupler 1, the 
length of the masks 22 is 1000 \x m. For the 1.30 m 
transmitter laser diode 3. the length of the masks 22 is 
300 n m. For the 1.30 m monitor photo-diode 4. the 
length of the masks 22 is 50 |i m. For the 1 .30 m 
receiver photo-diode 5. the length of the masks 22 is 50 
m. For the 1 .55 |a m receiver photo-diode 6, the length 
of the masks 22 is 50 n m. 

With reference to FIG. 21 C. the above masks 22 
completely covers an entire part of the window region 8. 
For the window region 8. the length of the masks 22 is 
20 M-m. 

With reference to FIG. 21 D. by use of the masks 22. 
a metal organic chemical vapor deposition is canried out 
to form the ridged structure comprising the following 
semiconductor layers. The n-lnGaAsP layer 12 is grown 
on the n-lnP substrate 1 1 . The n-lnP spacer layer 13 is 
grown on the n-lnOaAsP layer 12. The bottom separate 
confinement hetero-structure layer 14 is grown on the n- 
InP spacer layer 13. The multiple quantum well layer 1 5 
transparent and propagation to 1 .30 n m wavelength 
band light is grown on the bottom separate confinement 
hetero-structure layer 14. The multiple quantum well 
layer comprises alternating laminations of InGaAsP well 
layers and InGaAsP barrier layers. The top separate 
confinement hetero-structure layer 16 Is grown on the 
multiple quantum well \ay& 15. 

The wavelength compositions and the thicknesses 
of the above individual layers depend upon the mask 
width Wm as illustrated in FIG. 9. In the regions of the 
wide mask width Wm of 1 2 ji m, the n-lnGaAsP layer 1 2 
has a wavelength composition of 1 .15 ^ m and a thick- 
ness of 1000 angstroms. The n-lnP spacer layer 13 has 
a thickness of 400 angstroms. The bottom separate 
confinement hetero-structure layer 14 has a wavelength 
composition of 1.15 n m and a thickness of 1000 ang- 
stroms. The multiple quantum well layer 1 5 comprises 
seven periods of InGaAsP well layers having a wave- 
length composition of 1.4 n m and a thickness of 45 
angstroms and InGaAsP barrier layers having a wave- 
length composition of 1.15 ^ m and a thickness of 100 
angstroms. The Xop separate confinement hetero-struc- 
ture layer 16 has a wavelength composition of 1 .15 ^ m 
and a thickness of 1000 angstroms. The InP cladding 
layer 17 has a thickness of 2000 angstroms. Of the 
wavelength division multiplexing coupler 1, the multiple 
quantum well waveguide layer 15 has a wavelength 
composition of 1.25 p m. Of the Y-branch 2. the multiple 
quantum well waveguide layer 15 has a wavelength 
composition of 1.25 n m. Of the 1.30 |i m transmitter 
laser diode 3, the 1 .30 m monitor photo-diode 4, the 
1.30 M m receiver photo-diode 5. the multiple quantum 
well waveguide layer 15 has a wavelength composition 
of 1 .30 m. Of the 1 .55 p m receiver photo-diode 6, the 



multiple quantum well waveguide layer 15 has a wave- 
length composition of 1 .60 ^ m. 

With reference to FIG. 21 E, the masks 22 are 
removed by a buffered fluorine acid solution before the 

5 InP burying layer 1 8 is grown on the entire surface of the 
substrate to bury the ridged structure. The InP burying 
layer 18 has a thickness of 2 ^ m. By use of the normal 
selective diffusion process. Zn is diffused over the 1 .30 
^ m transmitter laser diode 3. the 1.30 \i m monitor 

10 photo-diode 4, the 1 .30 n m receiver photo-diode 5 and 
the 1.55 ji m receiver photo-diode 6 for evaporation of 
contact metal and subsequent polishing of the reverse 
side to evaporate the contact metal whereby the device 
is completed. 

15 The above optical integrated circuit device has 
been adopted for coupling to the optical fiber as well as 
for the multiple media communications and the bi-direc- 
tional communications and further suitable for minimiza- 
tion of the scale thereof, the reasons of which are as 

20 follows. 

As described above* the window 8 reduces the 
reflectivity at the facet into almost zero. Further, the 1 .30 
^ m receiver photo-diode 5. the 1 .55 m receiver photo- 
diode 6 and the wavelength division multiplexing cou- 

25 pier 1 are Integrated. Even if character information of 
1.30 \i m wavelength band signals and image informa- 
tion of 1 .55 m wavelength band signals are transmit- 
ted on a single channel or the multiplexed 1.30 ji m and 
1 .55 M m wavelength band signals are transmitted, the 

30 wavelength division multiplexing coupler 1 divides the 
multiplexed 1.30 ji m and 1.55 ji m wavelength band 
signals into individual 1.30 n m and 1.55 n m wave- 
length band signals so that the 1 .30 n m receiver photo- 
diode 5 and the 1 .55 |i m receiver photo-diode 6 receive 

35 the divided 1 .30 n m and 1 .55 li m wavelength band sig- 
nals respectively without interference between them. 
Since the above wavelength division multiplexing cou- 
pler 1 is a directional coupler, the length thereof is about 
one third of the Mach-Zehnder type wavelength division 

40 multiplexing coupler. This allows a scaling down of the 
optical integrated circuit device. 

Further, the above ridged structure is growri by the 
single crystal growth using a single pair of the dielectric 
masks 22. This allows the Individual semiconductor lay- 

45 ers, particularly the multiple quantum well waveguide 
layer, are free of discontinuity in crystal structure and 
also free from any stepped discontinuity in definitions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 

so crystal growth makes the fabrication processes simple. 
This further reduces the manufacturing cost of the 
device and improves the yield thereof. 

The above wavelength division multiplexing coupler 
waveguide layer has a ridged structure burled in the bur- 

55 ying layer 18. This allows to set the same optical con- 
finement forces between in the TM mode and in the TE 
mode, for which reason the wavelength division multi- 
plexing coupler is likely to be independent from the 
polarization. The optical confinement force is uniform 
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between in the vertical and lateral directions, for which 
reason the spot size shape in the passive waveguide is 
relatively Isotropic. This makes it hard to cause the cou- 
pling loss. 

As modification of the dielectric masks, SiN masks s 
are also available. The dielectric film may be formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer. InGaAs layers. InGaAIAs layers and 
InQaAIAsP layers are also available. It is also possible io 
that the well layers are made of different compound 
semiconductors from that off the barrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. is 

In place of the non-selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
r out after broadening of the gap of the paired 
di^'iectric masks. 

A sixth embodiment according to the present inven- 20 
tion will be described, wherein an optical integrated cir- 
cuit device with an improved waveguide layer is 
provided. 

FIG. 22 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 25 
waveguide layer in the sixth embodiment according to 
th« present invention. The optical integrated circuit 
de%.'lce comprises a passive region 101 and an active 
region 102. In the passive region 101. a Y-branch 2 is 
provided for guiding optical signals. In the active region 30 
102, a 1.30 pi m transmitter laser diode 3, a 1.30 ^ m 
monitor photo-diode 4 for monitoring the 1 .30 m trans- 
mitter laser diode 3 and a 1 .30 ^ m receiver photo-diode 
5 are integrated. The 1.30 n m transmitter laser diode 3 
and the 1 .30 n m receiver photo-diode 5 are coupled in 35 
parallel to the Y-branch 2. The 1.30 ^ m monitor photo- 
diode 4 is positioned adjacent to a rear side of the 1.30 
^ m transmitter laser diode 3 for monitoring the 1 .30 ^ m 
transmitter laser diode 3. A spot size converter 7 is fur- 
ther provided at a facet coupled to an optical fiber not 40 
illustrated. The spot size converter 7 facilitates coupling 
between the Y-branch 2 and the optical fiber. 

FIG. 23A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 45 
improved waveguide layer, along an A-A' line in FIG. 22 
in the sixth embodiment according to the present inven- 
tion. 

The Y-branch has a ridged structure of laminations 
of semiconductor layers. The ridged structure is formed so 
on an n-lnP substrate 11. The ridged structure is buried 
in an InP burying layer 18 formed over the n-lnP sub- 
strate 11. The ridged structure comprises the following 
compound semiconductor layers. An n-inGaAsP layer 
12 is provided on the n-!nP substrate 11. An n-lnP ss 
spacer layer 13 is provided on the n-lnGaAsP layer 12. 
A bottom separate confinement hetero-structure layer 
14 is provided on the n-lnP spacer layer 13. A multiple 
quantum well layer 15 is provided on the bottom sepa- 



rate confinement hetero-structure layer 14. A top sepa- 
rate confinement hetero-structure layer 16 is provided 
on the multiple quantum well layer 1 5 so that the top and 
bottom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as a waveguide. An InP cladding layer 17 is pro- 
vided on the top separate confinement hetero-structure 
layer 16. 

FIG. 23 B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG. 22 in the sixth embodiment 
according to the present invention. 

The 1.30 n m transmitter laser diode 3 has the 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc^ 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 1 7 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 23C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 22 In the sixth embodiment accord- 
ing to the present invention. 

The 1 .30 ^ m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 ^ 
transparent and propagation to 1.30 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
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torn separate confinement hetero-structure layers 14 
and 16 sandwich the multiple qiantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 23D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 M m monitor photo-diode 4 in the optical integrated 
circuit device with an inproved waveguide layer, along 
an D-D' line in FIG. 22 In the sixth emlxxliment accord- 
ing to the present invention. 

The 1 .30 n m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-tnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-!nGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 1 4 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 \i m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 23E is a fragmentary cross sectional elevation 
view illt^trative of an internal layered structure of the 
spot size converter 7 in the optical integrated circuit 
device with an innproved waveguide layer, along an E-E' 
line in FIG. 22 in the sixth embodiment according to the 
present invention. 

The spot size converter 7 has the ridged structure 
of laminations of semiconductor layers. The ridged 
structure is formed on an n-lnP substrate 1 1 . The ridged 
structure is buried in an InP burying layer 18 formed 
over the n-lnP substrate 1 1. The ridged structure com- 
prises the following compound semiconductor layers. 
The n-lnGaAsP layer 12 is provided on the n-lnP sub- 
strate 1 1 . The n-lnP spacer layer 13 is provided on the 
n-lnGaAsP layer 12. The bottom separate confinement 
hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 



acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

Fabrication processes of the above optical inte- 
5 grated circuit device will be described as follows. 

FIGS. 24A through 24E are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the sixth embodiment according to the present 
70 invention. 

With reference to FIG. 24A. a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 11 by an interfer- 
ence exposure or an electron beam exposure. An Si02 
15 film 21 as a dielectric film having a thickness of 1000 
angstroms is deposited on an entire surface of the n-lnP 
substrate 11 by a thermal chemical vapor deposition 
method. ' 

WiXh reference to FIG. 24B. by use of the normal 
20 photo-lithography, the SiOg film 21 is selectively 
removed to form a pair of stripe SiOa masks 22. For the 
Y-branch 2 in the passive region 101. the width Wm of 
the mask is 6 n m. For the 1 .30 n m transmitter laser 
diode 3, the 1.30 ji m monitor photo-diode 4 and the 
25 1.30 M m receiver photo-diode 5 in the active region 
102. the width Wm of the mask is 1 2 m. The gap of the 
masks 22 remains constant at 1 .5 ^ m over the passive 
and active regions 101 and 102. For the Y-branch 2. the 
length of the masks 22 is 1000 m. For the 1.30 u m 
30 transmitter laser diode 3, the length of the masks 22 is 
300 \i m. For the 1.30 |i m monitor photo-diode 4. the 
length of the masks 22 is 50 ^ m. For the 1 .30 h m 
receiver photo-diode 5. the length of the masks 22 is 50 
\i m. 

35 With reference to FIG. 24C. the above masks 22 
has a tapered structure in a spot size converter region 
37. The width of the masks 22 Is reduced from 6 ^ m to 
2 ^1 m toward the facet or the edge of the substrate and 
the gap between them is also reduced from 1 .5 m to 

40 0.5 m toward the facet or the edge of the substrate. 
For the spot size converter region 37. the length of the 
masks 22 is 500 \i m. 

With reference to FIG. 24D, by use of the masks 22. 
a metal organic chemical vapor deposition is carried out 

45 to form the ridged structure comprising the following 
semiconductor layers. The n-lnGaAsP layer 12 is grown 
on the n-lnP substrate 11. The n-lnP spacer layer 13 is 
grown on the n-lnGaAsP layer 12. The bottom separate 
confinement hetero-structure layer 14 is grown on the n- 

50 InP spacer layer 1 3. The multiple quantum well layer 1 5 
transparent and propagation to 1.30 ^ m wavelength 
band light is grown on the bottom separate confinement 
hetero-structure layer 14. The multiple quantum well 
layer comprises alternating laminations of InGaAsP well 

55 layers and InGaAsP barrier layers. The top separate 
confinement hetero-structure layer 16 is grown on the 
multiple quantum well layer 15. 

The wavelength compositions and the thicknesses 
of the above individual layers depend upon the mask 
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width Wm as illustrated in FIG. 9. In the regions of the 
wide mask width Wm of 12 m. the n-lnGaAsP layer 12 
has a wavelength composition of 1.15 m and a thick- 
ness of 1000 angstroms. The n-lnP spacer layer 13 has 
a thickness of 400 angstroms. The bottom separate 5 
confinement hetero-structure layer 14 has a wavelength 
composition of 1.15 ^ m and a thickness of 1000 ang- 
stroms. The multiple quantum well layer 15 comprises 
seven periods of InQaAsP well layers having a wave- 
length composition of 1.4 ^ m and a thickness of 45 10 
angstroms and InGaAsP barrier layers having a wave- 
length composition of 1.15 n m and a thickness of 100 
angstroms. The top separate confinement hetero-struc- 
ture layer 16 has a wavelength composition of 1 .1 5 ^ m 
and a thickness of 1000 angstroma The InP cladding is 
layer 17 has a thickness of 2000 angstroms. Of the Y- 
branch 2, the multiple quantum well waveguide layer 15 
has a wavelength composition of 1.25 ^ m. Of the 1.30 
m transmitter laser diode 3. the 1 .30 ^ m monitor 
photo-diode 4, the 1 .30 m m receiver photo-diode 5, the 20 
multiple quantum well waveguide layer 15 has a wave- 
length composition of 1.30 ^ m. Of the spot size con- 
verter 7, the well layers have thicknesses reduced 
toward the facet from 33 angstroms to 20 angstroms 
and also the ban-ier layers have thicknesses reduced 25 
toward the facet from 15 angstroms to 9 angstroms. 

With reference to FIG. 24E. the masks 22 are 
removed by a buffered fluorine acid solution before the 
InP burying layer 1 8 is grown on the entire surface of the 
substrate to bury the ridged structure. The InP burying 30 
layer 1 8 has a thickness of 2 ^ m. By use of the normal 
selective diffusion process, Zn is diffused over the 1.30 
n m transmitter laser diode 3, the 1 .30 ^ m monitor 
photo-diode 4 and the 1.30 n m receiver photo-diode 5 
for evaporation of contact metal and subsequent polish- 3s 
ing of the reverse side to evaporate the contact metal 
whereby the device is completed. 

As described above, the spot size converter 7 
improves the coupling efficiency between the optical 
integrated drcuit and the optical fiber. 40 

Further, the at»ove ridged structure is grown by the 
single crystal growth using a single pair of the dielectric 
masks 22. This allows the individual semiconductor lay- 
ers, particularly the multiple quantum well waveguide 
layer, are free of discontinuity in crystal structure and 45 
also free from any stepped discontinuity in definitions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 
crystal growth makes the fabrication processes simple. 
This further reduces the manufacturing cost of the so 
device and improves the yield thereof. 

The above wavelength division multiplexing coupler 
waveguide layer has a ridged structure buried in the bur- 
ying layer 18. This allows to set the same optical con- 
finement forces between in the TM mode and in the TE 55 
mode, for which reason the wavelength division multi- 
plexing coupler is likely to be independent from the 
polarization. The optical confinement force is uniform 
between in the vertical and lateral directions, for which 



reason the spot size shape in the passive waveguide is 
relatively isotropic. This makes it hard to cause the cou- 
pling loss. 

As modification of the dielectric masks. SiN masks 
are also available. The dielectric film may be formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer, InGaAs layers, InGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different compound 
semiconductors from that of the barrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. 

In place of the non-selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
dielectric masks. 

A seventh embodiment according to the present 
invention will be described, wherein an optical inte- 
grated circuit device with an improved waveguide layer 
is provided. 

FIG. 25 is a perspective view Illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the seventh embodiment according 
to the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In \he passive region 101. a Y-branch 2 is 
provided for guiding optical signals. In the active region 
102, a 1.30 m transmitter laser diode 3, a 1.30 fi m 
monitor photo-diode 4 for monitoring the 1 .30 )i m trans- 
mitter laser diode 3 and a 1 .30 ji m receiver photo-diode 
5 are integrated. The 1 .30 m transmitter laser diode 3 
and the 1 .30 ji m receiver photo-diode 5 are coupled in 
parallel to the Y-branch 2. The 1 .30 n m monitor photo- 
diode 4 is positioned adjacent to a rear side of the 1.30 

11 m transmitter laser diode 3 for monitoring the 1 .30 p m 
transmitter laser diode 3. A window 8 is further provided 
at a facet coupled to an optical fiber not Illustrated. The 
window 8 reduces a reflectivity at the facet into almost 
zero. 

FIG. 26A Is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of tiie Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A' line in FIG. 25 
in the seventh embodiment according to the present 
invention. 

The Y-branch has a ridged structure of laminations 
of semiconductor layers. The ridged structure is formed 
on an n-lnP substrate 11. The ridged structure is buried 
in an InP burying layer 18 formed over the n-lnP sub- 
strate 1 1 . The ridged structure comprises the following 
compound semiconductor layers. An n- InGaAsP layer 

12 is provided on the n-lnP substrate 11. An n-lnP 
spacer layer 13 is provided on the n-lnGaAsP layer 12. 
A bottom separate confinement hetero-structure layer 
14 is provided on the n-InP spacer layer 13. A multiple 
quantum well layer 15 is provided on the bottom sepa- 
rate confinement hetero-structure layer 14. A top sepa- 
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rate confinement hetero-structure layer 16 is provided 
on the multiple quantum well layer 1 5 so that the top and 
bottom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as a waveguide. An inP cladding layer 1 7 is pro- 
vided on the top separate confinement hetero-structure 
layer 16; 

FIG. 26B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.30 ^ m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG. 25 in the seventh embodiment 
according to the present invention. 

The 1.30 ^ m transmitter laser diode 3 has the 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The Iwjttom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
corrfine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 26C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 25 in the seventh embodiment 
according to the present invention. 

The 1 .30 n m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure Is buried in an InP burying layer 18 
formed over the n-lnP substrate 1 1. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-InP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 



and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 

5 ture layer 16. 

FIG. 26D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.30 n ni monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 

10 an D-D* line in FIG. 25 in the seventh embodiment 
according to the present invention. 

The 1 .30 m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 

15 ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 

20 the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 n m wavelength 
band light is provided on the bottom separate confine- 

25 ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 

30 confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 20 E is a fragmentary cross sectional elevation 

35 view illustrative of an internal layered structure of the 
window 8 in the optical integrated circuit device with an 
improved waveguide layer, along an E-E* line in FIG. 25 
in the seventh embodiment according to the present 
invention. 

40 The window 8 is formed on an n-lnP substrate 11. 
Namely the above ridged structure does not extend 
over this window region 8. 

Fabrication processes of the above optical inte- 
grated circuit device will be described as follows. 

45 FIGS- 27A through 27E are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the seventh embodiment according to the 
present invention. 

50 With reference to FIG. 27A. a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 11 by an interfer- 
ence exposure or an electron beam exposure. An Si02 
film 21 as a dielectric film having a thickness of 1000 

55 angstroms is deposited on an entire surface of the n-lnP 
substrate 1 1 by a thermal chemical vapor deposition 
method. 

With reference to FIG. 27B, by use of the normal 
photo-lithography, the Si02 film 21 is selectively 
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removed to form a pair of stripe SiOg masks 22 except 
for the window region 8. For the Y-branch 2 in the pas- 
sive region 101 , the width Wm of the mask is 6 n m. For 
ths 1.30 ^ m transmitter laser diode 3. the 1.30 ^ m 
rr tor photo-diode 4 and the 1.30 n m receiver photo- 5 
dioae 5 in the active region 102, the width Wm of the 
mask is 1 2 |i m. The gap of the masks 22 remains con- 
stant at 1 .5 m over the passive and active regions 101 
and 102. For the Y-branch 2, the length of the masks 22 
Is 1000 II m. For the 1 .30 m transmitter laser diode 3. w 
the length of the masks 22 is 300 fi m. For the 1 .30 ^ m 
mcnitor photo-diode 4. the length of the masks 22 is 50 
M m. For the 1 .30 ^ m receiver photo-diode 5, the length 
of the masks 22 Is 50 ^ m. 

With reference to FIG. 27C, the above masks 22 is 
completely covers an entire part of the window region 8. 
For the window region 8, the length of the masks 22 is 
20 ^1 m. 

With reference to FIG. 27D. by use of the masks 22. 
a metal organic chemical vapor deposition is carried out 20 
to form, except for the window region 8, the ridged struc- 
ture comprising the following semiconductor layers. The 
n-lnGaAsP layer 12 is grown on the n-lnP substrate 11. 
The n-lnP spacer layer 13 is grown on the n-lnGaAsP 
layer 12. The bottom separate confinement hetero- 2s 
structure layer 14 is grown on the n-lnP spacer layer 13. 
The multiple quantum well layer 15 transparent and 
propagation to 1 .30 ^ m wavelength band light is grown 
on the bottom separate confinement hetero-structure 
layer 14. The multiple quantum well layer comprises 30 
alternating laminations of InGaAsP well layers and 
InGaAsP barrier layers. The top separate confinement 
hetero-structure layer 16 is grown on the multiple quan- 
tum well layer 15. 

The wavelength compositions and the thicknesses 3s 
of the above individual layers depend upon the mask 
width Wm as illustrated in FIG. 9. In the regions of the 
wide mask width Wm of 12 fi m, the n-lnGaAsP layer 1 2 
has a wavelength composition of 1.15 |i m and a thick- 
ness of 1000 angstroms. The n-lnP spacer layer 13 has 40 
a thickness of 400 angstroms. The bottom separate 
confinement hetero-structure layer 14 has a wavelength 
composition of 1.15 m and a thickness of 1000 ang- 
stroms. The multiple quantum well layer 15 comprises 
seven periods of InGaAsP well layers having a wave- 45 
length composition of 1.4 ^ m and a thickness of 45 
angstroms and InGaAsP barrier layers having a wave- 
length composition of 1.15 fi m and a thickness of 100 
angstroms. The top separate confinement hetero-struc- 
ture layer 16 has a wavelength composition of 1 .1 5 m so 
and a thickness of 1000 angstroms. The InP cladding 
layer 1 7 has a thickness of 2000 angstroms. Of the Y- 
branch 2, the multiple quantum well waveguide layer 15 
has a wavelength composition of 1.25 ti m. Of the 1.30 
ji m transmitter laser diode 3. the 1 .30 ^ m monitor 55 
photo-diode 4, the 1 .30 m receiver photo-diode 5, the 
multiple quantum well waveguide layer 15 has a wave- 
length composition of 1 .30 \i m. 

With reference to FIG. 27E, the masks 22 are 



removed by a buffered fluorine acid solution before the 
InP burying layer 18 is grown on the entire surface of the 
substrate to bury the ridged structure. The InP burying 
layer 18 has a thickness of 2 |ii m. By use of the normal 
selective diffusion process. Zn is diffused over the 1.30 
H m transmitter laser diode 3, the 1.30 n m monitor 
photo-diode 4. the 1.30 ^ m receiver photo-diode 5 and 
the 1,55 m receiver photo-diode 6 for evaporation of 
contact metal and subsequent polishing of the reverse 
side to evaporate the contact metal whereby the device 
is completed. 

The above optical integrated circuit device has 
been adopted for coupling to the optical fiber as well as 
for the multiple media communications and the bi-direc- 
tional communications and further suitable for minimiza- 
tion of the scale thereof, the reasons of which are as 
follows. 

As described above, the window 8 reduces the 
reflectivity at the facet into almost zero. 

Further, the above ridged structure is grown by the 
single crystal growth using a single pair of the dielectric 
masks 22. This allows the individual semiconductor lay- 
ers, particularly the multiple quantum well waveguide 
layer, are free of discontinuity in crystal structure and 
also free from any stepped discontinuity in definitions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 
aystal growth makes the fabrication processes simple. 
This further reduces the manufacturing cost of the 
device and improves the yield thereof. 

The above wavelength division multiplexing coupler 
waveguide layer has a ridged structure buried in the bur- 
ying layer 18. This allows to set the same optical con- 
finement forces between In the TM mode and in the TE 
mode, for which reason the wavelength division multi- 
plexing coupler is likely to be independent from the 
polarization. The optical confinement force is uniform 
between in the vertical and lateral directions, for which 
reason the spot size shape in the passive waveguide is 
relatively isotropic. This makes It hard to cause the cou- 
pling loss. 

As modification of the dielectric masks, SIN masks 
are also available. The dielectric film may be formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer, InGaAs layers, InGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different compound 
semkjonductors from that of the barrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. 

In place of the non-selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
dielectric masks. 

An eighth embodiment according to the present 
invention will be described, wherein an optical inte- 
grated circuit device with an improved waveguide layer 
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is provided. 

FIG. 28 is a perspective view Illustrative of an opti- 
cal Integrated circuit device with an improved 
waveguide layer in the eighth embodiment according to 
the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In the passive region 101. a wavelength 
division multiplexing directional coupler 1 is provided for 
guiding optical signals. In the active region 102. a 1.55 
\i m transmitter laser diode 3, a 1 .55 m monitor photo- 
diode 4 for monitoring the 1.55 ^ m transmitter laser 
diode 3 and a 1 .30 ^ m receiver photo-diode 5 are inte- 
grated. The 1 .55 n m transmitter laser diode 3 and the 
1 .30 \i m receiver photo-diode 5 are coupled in parallel 
to the wavelength division multiplexing directional cou- 
pler 1 . The 1 .55 |i m monitor photo-diode 4 is positioned 
adjacent to a rear side of the 1 .55 ^ m transmitter laser 
diode 3 for monitoring the 1.55 \i m transmitter laser 
diode 3. This optical integrated circuit device is adopted 
for transmitting 1.55 m wavelength band signals and 
receiving 1 .30 n m wavelength band signals. 

FIG. 29A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
wavelength division multiplexing directional coupler in 
the optical integrated circuit device with an improved 
waveguide layer, along an A-A* line in FIG. 28 in the 
eighth embodiment according to the present invention. 

The wavelength division multiplexing directional 
coupler has separate two ridged structures of lamina- 
tions of semiconductor layers. The ridged structures are 
formed on an n-lnP substrate 11. The ridged structures 
are buried in an InP burying layer 18 formed over the n- 
InP substrate 11. Each of the ridged structures com- 
prises the following compound semiconductor layers. 
An n-lnGaAsP layer 12 is provided on the n-lnP sub- 
strate 1 1 . An n-lnP spacer layer 13 is provided on the n- 
InGaAsP layer 12. A bottom separate confinement het- 
ero-structure layer 14 is provided on the n-lnP spacer 
layer 1 3. A multiple quantum well layer 1 5 is provided on 
the bottom separate confinement hetero-structure layer 
14. A top separate confinement hetero-structure layer 
16 is provided on the multiple quantum well layer 15 so 
that the top and bottom separate confinement hetero- 
structure layers 14 and 16 sandwich the multiple quan- 
tum well layer 15 to confine the light in the multiple 
quantum well layer 15 acting as a waveguide. An InP 
cladding layer 17 is provided on the top separate con- 
finement hetero-structure layer 16. 

FIG. 29B is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.55 H m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B* line in FIG. 28 in the eighth embodiment 
according to the present invention. 

The 1.55 m transmitter laser diode 3 has the 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is buried in an InP burying layer 1 8 
formed over the n-lnP substrate 11. The ridged struc- 



ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnOaAsP layer 12. The bottom separate confine- 
5 ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
to finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
^5 acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 29C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
20 1 .30 \im receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 28 in the eighth embodiment 
according to the present invention. 

The 1 .30 |i m receiver photo-diode 5 has the ridged 
25 structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate t1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridgedrstruc- 
ture comprises the following compound semiconductor 
30 layers. The n-lnGaAsP layer 12 is provided on ttie n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnQaAsP layer 12. The tx>ttom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
35 transparent and propagation to 1.30 n m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
40 torn separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
45 ture layer 16. 

FIG. 29D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 55 III m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
so an D-D' line in FIG. 28 in the eighth embodiment 
according to the present invention. 

The 1 -55 M m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
55 ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 1 1. The n-lnP spacer layer 13 is provided on 
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the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transoarent and propagation to 1.30 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 15 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

Fabrication processes of the above optical inte- 
grated circuit device will be described as follows. 

FIGS. 30A through 30D are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the eighth embodiment according to the present 
invention. 

With reference to FIG. 30A. a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 11 by an interfer- 
ence exposure or an electron beam exposure. An SiOg 
film 21 as a dielectric film having a thickness of 1000 
angstroms is deposited on an entire surface of the n-lnP 
substrate 11 by a thermal chemical vapor deposition 
method. 

With reference to FIG. SOB. by use of the normal 
photo-lithography, the SiOg film 21 is selectively 
removed to form a pair of stripe SiOg masks 22. For the 
wavelength division multiplexing coupler 1 in the pas- 
sive region 101 , the width Wm of the mask is 6 ^ m. For 
the 1.55 >i m transmitter laser diode 3, the 1.55 ^ m 
monitor photo-diode 4 and the 1 .30 ^ m receiver photo- 
diode 5 in the active region 102, the width Wm of the 
mask is 12 ^ m. The gap of the masks 22 remains con- 
stant at 1.5 m over the passive and active regions 101 
and 102. For the wavelength division multiplexing cou- 
pler 1. the length of the masks 22 is 1000 ji m. For the 
1.55 ^ m transmitter laser diode 3. the length of the 
masks 22 is 300 n m. For the 1.55 ^ m monitor photo- 
diode 4. the length of the masks 22 is 50 ^ m. For the 
1.30 ^ m receiver photo-diode 5. the length of the 
masks 22 is 50 ilx m. 

With reference to FIG. 30C. by use of the masks 22, 
a metal organic chemical vapor deposition is carried out 
to form the ridged structure comprising the following 
semiconductor layers. The n-lnGaAsP layer 12 is grown 
on the n-lnP substrate 1 1. The n-lnP spacer layer 13 is 
grown on the n-lnGaAsP layer 12. The bottom separate 
confinement hetero-structure layer 14 is grown on the n- 
InP spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 u m wavelength 
band light is grown on the bottom separate confinement 
hetero-structure layer 14. The multiple quantum well 
layer comprises alternating laminations of InGaAsP well 
layers and InGaAsP barrier layers. The top separate 



confinement hetero-structure layer 16 is grown on the 
multiple quantum well layer 15. 

The wavelength compositions and the thicknesses 
of the above individual layers depend upon the mask 
5 Width Wm as illustrated in FIG. 9. In the regions of the 
wide mask Width Wm of 12 ^ m. the n-lnGaAsP layer 12 
has a wavelength conriposition of 1.15 n m and a thick- 
ness of 1000 angstronrrs. The n-lnP spacer layer 13 has 
a thickness of 400 angstroms. The bottom separate 
10 confinement hetero-structure layer 14 has a wavelength 
composition of 1.15 ^ m and a thickness of 1000 ang- 
stroms. The multiple quantum well layer 15 comprises 
seven periods of InGaAsP well layers having a wave- 
length composition of 1.4 ^ m and a thickness of 45 
75 angstroms and InGaAsP barrier layers having a wave- 
length composition of 1.15 m and a thickness of 100 
angstroms. The top separate confinement hetero-struc- 
ture layer 16 has a wavelength composition of 1.15 (i m 
and a thickness of 1000 angstroms. The InP cladding 
so layer 17 has a thickness of 2000 angstroms. Of the 
wavelength division multiplexing coupler 1. the multiple 
quantum well waveguide layer 15 has a wavelength 
composition of 1.25 m. Of the 1.55 m m transmitter 
laser diode 3. the 1 .55 m m monitor photo-diode 4. the 
25 1.30 ^1 m receiver photo-diode 5, the multiple quantum 
well waveguide layer 15 has a wavelength composition 
of 1.30 |im. 

With reference to FIG. SOD, the masks 22 are 
removed by a buffered fluorine acid solution before the 
30 InP burying layer 1 8 is grown on the entire surface of the 
substrate to bury the ridged structure. The InP burying 
layer 18 has a thickness of 2 ^ m. By use of the normal 
selective diffusion process, Zn is diffused over the 1.55 
II m transmitter laser diode 3, the 1.55 ^ m monitor 
35 photo-diode 4 and the 1 .30 n m receiver photo-diode 5 
for evaporation of contact metal and subsequent polish- 
ing of the reverse side to evaporate the contact metal 
whereby the device is completed. 

The above optical integrated circuit device has 
40 been adopted for the multiple media communications 
and the bi-directional communications and further suita- 
ble for minimization of the scale thereof, the reasons of 
which are as follows. 

As described above, the above ridged structure is 
45 grown by the single crystal growth using a single pair of 
the dielectric masks 22. This allows the individual semi- 
conductor layers, particularly the multiple quantum well 
waveguide layer, are free of discontinuity in crystal 
structure and also free from any stepped discontinuity in 
50 definitfons of the above layers. This allows the 
waveguide layer to be free from a substantive coupling 
loss. Moreover, single crystal growth makes the fabrica- 
tion processes simple. This further reduces the manu- 
facturing cost of the device and improves the yield 
55 thereof. 

The above wavelength division multiplexing coupler 
waveguide layer has a ridged structure buried in the bur- 
ying layer 18. This allows to set the same optical con- 
finement forces between in the TM mode and in the TE 
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mode, for which reason the wavelength division multi- 
plexing coupler is likely to be independent from the 
polarization. The optical confinement force is uniform 
between in the vertical and lateral directions, for which 
reason the spot size shape in the passive waveguide is 
relatively isotropic. This makes it hard to cause the cou- 
pling toss. 

As modification of the dielectric masks, SiN masks 
are also available. The dielectric film may be formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer, InGaAs layers, InQaAIAs layers and 
InGaAlAsP layers are also available. It is also possible 
that the well layers are made of different compound 
semiconductors from that of the ban-ier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. 

In place of the non -selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
dielectric masks. 

A ninth embodiment according to the present inven- 
tion will be described, wherein an optical integrated cir- 
cuit device with an improved waveguide layer is 
provided. 

FIG. 31 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the ninth embodiment according to 
the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In the passive region 101 . a Y-branch is pro- 
vided for guiding optical signals. In the active region 
102, a 1.30 ^ m transmitter laser diode 3, a 1.30 ^ m 
monitor photo-diode 4 for monitoring the 1 .30 n m trans- 
mitter laser diode 3 and a 1 .30 ^ m receiver photo-diode 
5 are integrated. The 1.30 ^ m transmitter laser diode 3 
and the 1 .30 ^ m receiver photo-diode 5 are coupled in 
parallel to the Y-branch 2. The 1 .30 ^ m monitor photo- 
diode 4 is positioned adjacent to a rear side of the 1 .30 
^1 m transmitter laser diode 3 for monitoring the 1 .30 m 
transmitter laser diode 3. A connection waveguide 9 is 
provided, which is coupled to a rear side of the 1 .30 ^ m 
receiver photo-diode 5 so as to allow that an external 
photo-diode adjusted for receiving 1.55 \i m wavelength 
band optical signals is coupled in series to the 1 .30 ^ m 
receiver photo-diode 5. The 1.30 fi m wavelength com- 
position of the waveguide layer is transparent to the 
1 .55 M m wavelength band optical signals, for which rea- 
son the 1.55 m wavelength band optical signals 
passes tiirough tiie 1 .30 n m receiver photo-diode 5 and 
the connection waveguide 9 and then transmits to the 
external photo-diode adjusted for receiving 1.55 |i m 
wavelength band optical signals. This optical integrated 
circuit device is adopted for transmitting 1 .30 m m wave- 
length band signals and receiving 1.30 ^ m and 1.55 ^ 
m multiplexing signals for bi-directional communications 
of the 1 .30 ^1 m and 1 .55 m wavelength band multi- 
plexing signals. 



FIG. 32A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A' line in FIG. 31 
5 in the nintii embodiment according to tiie present inven- 
tion. 

The Y-branch has a ridged structure of laminations 
of semiconductor layers. The ridged structure is formed 
on an n-lnP substrate 1 1 . The ridged structure is buried 

10 in an InP burying layer 18 formed over the n-lnP sub- 
strate 11. The ridged structure comprises the following 
compound semiconductor layers. An n-lnGaAsP layer 
12 is provided on the n-lnP substrate 11. An n-lnP 
spacer layer 13 is provided on the n-lnGaAsP layer 12. 

15 A bottom separate confinement hetero-structure layer 
14 is provided on the n-lnP spacer layer 13. A multiple 
quantum well layer 15 transparent and propagation to 
1.30 |i m wavelength band light is provided on the bot- 
tom separate confinement hetero-structure layer 14. A 

so top separate confinement hetero-structure layer 16 is 
provided on the multiple quantum well layer 15 so that 
the top and bottom separate confinement hetero-struc- 
ture layers 14 and 16 sandwich the multiple quantum 
well layer 15 to confine the light in the multiple quantum 

25 well layer 15 acting as a waveguide. An InP cladding 
layer 17 is provided on tiie top separate confinement 
hetero-structure layer 1 6. 

FIG. 32B is a fragmentary cross sectional elevation 
view illusti'ative of an internal layered structure of the 

30 1.30 |i m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 31 in the ninth embodiment 
according to tiie present invention. 

The 1.30 ^ m transmitter laser diode 3 has the 

35 ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 

40 layers. The n-lnGaAsP layer 1 2 is provided on the n-lnP 
substrate 11. The n-InP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-strurture layer 14 is provided on the n-inP 
spacer layer 13. The multiple quantum well layer 15 

45 transparent and propagation to 1 .30 fi m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum welt layer 1 5 so that the top and bot- 

50 torn separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 

55 ture layer 16. 

FIG. 32C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 n m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
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an C-C line in FIG. 31 in the ninth embodiment accord- 
ing to the present invention. 

The 1 .30 ^ m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 1 1 . The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent arxi propagation to 1.30 ^ m wavelength 
band tight is provided on the bottom separate confine- 
ment hetero-structure layer 1 4. The top separate con- 
finement hetero-structure layer 16 is provided on the 
^r -iltiple quantum well layer 15 so that the top and bot- 
i-yn separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 1 7 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 32D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D* line in FIG. 31 in the ninth embodiment accord- 
ing to the present invention. 

The 1 .30 m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers.. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture conprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 ^ m wavelength 
band light is provided on the tx^ttom separate confine- 
ment hetero-structure layer 1 4. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 1 6. 

Fabrication processes of the above optical inte- 
grated circuit device will be described as follows. 

FIGS. 33A through 33D are perspective views illus- 
trative of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the ninth embodiment according to the present 
invention. 
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With reference to FIG. 33A. a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 11 by an interfer- 
ence exposure or an electron beam exposure. An SiOa 
5 film 21 as a dielectric film having a thickness of 1000 
angstroms is deposited on an entire surface of the n-lnP 
substrate 1 1 by a thermal chemical vapor deposition 
method. 

With reference to FIG. 33B, by use of the normal 

10 photo-lithography, the Si02 film 21 is selectively 
removed to form a pair of stripe SiOa masks 22. For the 
Y-branch 2 in the passive region 101. the width Wm of 
the mask is 6 m. For the 1 .30 |i m transmitter laser 
diode 3, the width Wm of the mask is 13 ji m. For the 

15 1.30 m monitor photo-diode 4 and the 1.30 |i m 
receiver photo-diode 5 in the active region 102. the 
width Wm of the mask is 16 fi m. For the connection 
waveguide 9, the width Wm of the mask is 6 ^ m. The 
gap of the masks 22 remains constant at 1 .5 fi m over 

20 the passive and active regions 101 and 102. For the 
1.30 ^ m transmitter laser diode 3, the length of the 
masks 22 is 300 ^ m. For the 1 .30 ^ m monitor photo- 
diode 4, the length of the masks 22 is 50 ^ m. For the 
1.30 n m receiver photo-diode 5. the length of the 

25 masks 22 is 50 n m. 

With reference to FIG. 33C. by use of the masks 22. 
a metal organic chemical vapor deposition is carried out 
to form the ridged structure comprising the following 
semiconductor layers. The n-lnGaAsP layer 12 is grown 

30 on the n-lnP substrate 1 1 . The n-lnP spacer layer 13 is 
grown on the n-lnGaAsP layer 12. The bottom separate 
confinement hetero-structure layer 14 is grown on the n- 
InP spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 |i m wavelength 

35 band light is grown on the bottom separate confinement 
hetero-structure layer 14. The multiple quantum well 
layer comprises alternating laminations of InGaAsP well 
layers and InGaAsP tjarrier layers. The top separate 
confinement hetero-structure layer 16 is grown on the 

40 multiple quantum well layer 1 5. 

The wavelength compositions and the thicknesses 
of the above irKlividual layers depend upon the mask 
width Wm. In the regions of the wide mask width Wm of 
13 M m, the n-lnGaAsP layer 12 has a wavelength com- 

45 position of 1 . 15 m and a thickness of 1 000 angstroms. 
The n-lnP spacer layer 13 has a thickness of 400 ang- 
stroms. The bottom separate confinement hetero-struc- 
ture layer 14 has a wavelength composition of 1 . 15 ^ m 
and a thickness of 1000 angstroms. The multiple quan- 

50 tum well layer 1 5 comprises seven periods of InGaAsP 
well layers having a wavelength composition of 1 .4 |x m 
and a thickness of 45 angstroms and InGaAsP barrier 
layers having a wavelength composition of 1 . 1 5 m and 
a thickness of 100 angstroms. The top separate con- 

55 finement hetero-structure layer 16 has a wavelength 
composition of 1.15 m and a thickness of 1000 ang- 
stroms. The InP cladding layer 17 has a thickness of 
2000 angstroms. Of the Y-branch 2, the multiple quan- 
tum well waveguide layer 15 has a wavelength compo- 
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sition of 1.25 m. Of the 1.30 ^ m transmitter laser 
diode 3. the 1 .30 ^ m monitor photo-diode 4, the 1 .30 \i 
m receiver photo-diode 5, the multiple quantum well 
waveguide layer 15 has a wavelength composition of 
1 .35 \i m. Of the connection waveguide 9, the multiple 
quantum well waveguide layer 15 has a wavelength 
composition of 1 .1 5 n m. 

With reference to FIG. 33D, the masks 22 are 
removed by a buffered fluorine acid solution before the 
InP burying layer 1 8 is grown on the entire surface of the 
substrate to bury the ridged structure. The InP burying 
layer 18 has a thickness of 2 m. By use of the normal 
selective diffusion process, Zn is diffused over the 1.30 
^1 m transmitter laser diode 3, the 1.30 p. m monitor 
photo-diode 4, the 1 .30 n m receiver photo-diode 5 for 
evaporation of contact metal and subsequent polishing 
of the reverse side to evaporate the contact metal 
whereby the device is completed. 

The above optical integrated circuit device has 
been adopted for transmitting 1.30 m wavelength 
band signals and receiving 1 .30 |i m and 1 .55 ji m mul- 
tiplexing signals for multiple media communications of 
the 1.30 1^ m and 1 .55 ji m wavelength band multiplex- 
ing signals. The 1 .30 p m wavelength composition of the 
waveguide layer is transparent to the 1 .55 m wave- 
length band optical signals, for which reason the 1 .55 ji 
m wavelength band optical signals passes through the 
1.30 ^1 m receiver photo-diode 5 and the connection 
waveguide 9 and then transmits to the external photo- 
diode adjusted for receiving 1.55 ji m wavelength band 
optical signals. 

As described above, the 1 .30 |i m transmitter laser 
diode 3 and the 1 .30 ^ m receiver photo-diode 5 are 
coupled in parallel to the Y-branch 2 for half duplex bi- 
directional communications. Since no wavelength divi- 
sion multiplexing coupler is provided, the scaling down 
of the device is facilitated. This results in a considerable 
reduction in manufacturing cost of the device. 

Further, the afcxjve ridged structure is grown by the 
single crystal growth using a single pair of the dielectric 
masks 22. This allows the individual semiconductor lay- 
ers, particularly the multiple quantum well waveguide 
layer, are free of discontinuity in crystal structure and 
also free from any stepped discontinuity in d^initions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 
crystal growth makes the fabrication processes simple. 
This further reduces the manufacturing cost of the 
device and improves the yield thereof. 

As modifications of the active elements, it is possi- 
ble to change the wavelength bands of the laser diode 
and the photo diodes. For example, a combination of 
the 1.55 M transmitter laser diode and the 1.30 m m 
receiver photo-diode is available. Further, other combi- 
nation of the 1 .30 m transmitter laser diode and the 
1.55 M m receiver photo-diode is also available. Moreo- 
ver, the other combination of the 1.55 m m transmitter 
laser diode and the 1 .55 |ii m receiver photo-diode is 
also available. 



As modification of the dielectric masks. SiN masks 
are also available. The dielectric film may be formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
5 waveguide layer, InGaAs layers, InGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different compound 
semiconductors from that of the barrier layers. 

In place of the selective diffusion processes, a dop- 
70 ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. 

In place of the non-selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
15 dielectric masks. 

A tenth embodiment according to the present 
invention will be described, wherein an optical inte- 
grated circuit device with an improved waveguide layer 
is provided. 

20 FIG. 34 is a perspective viiew illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the tenth embodiment according to 
the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 

25 region 1 02. In the passive region 1 0 1 . a Y-branch is pro- 
vided for guiding (^tical signals. In the active, region 
102, a 1.30 m transmitter laser diode 3. a 1.30 n m 
monitor photo-diode 4 for monitoring the 1 .30 ^l m trans- 
mitter laser diode 3 and a 1.30 ^ m receiver photonjiode 

30 5 are integrated. The 1 .30 |i m transmitter laser diode 3 
and the 1 .30 ^ m receiver photo-diode 5 are coupled in 
parallel to the Y-branch 2. The 1.30 m monitor photo- 
diode 4 is positioned adjacent to a rear side of the 1 .30 
H m transmitter laser diode 3 for monitoring the 1 .30 |i m 

35 transmitter laser diode 3. A 1.55 \i m receiver photo- 
diode 6 is provided adjacent to a rear side of the 1 .30 n 
m receiver photo-diode 5 so as to allow that the 1 .55 n 
m receiver photo-diode 6 is coupled in series to the 1 .30 
p m receiver photo-diode 5. The 1.30 n m wavelength 

40 composition of the waveguide layer is transparent to the 
1 .55 ^ m wavelength band optical signals, for which rea- 
son the 1 .55 |i m wavelength band optical signals pass 
through the 1 .30 m m receiver photo-diode 5 and then 
transmits to the external photo-diode adjusted for 

45 receiving 1.55 n m wavelength band optical signals. 
Thus, the 1 .30 ^ m wavelength band optical signals are 
received by the 1 .30 n m receiver photo<iiode 5. The 
1.55 m wavelength band optical signals passes 
through the 1 .30 fi m receiver photo-diode 5 and are 

so received by the 1.55 fi m receiver photo-diode 6. This 
optical integrated circuit device is adopted for transmit- 
ting 1.30 ^1 m wavelength band signals and receiving 
1.30 p m and 1.55 \i m multiplexing signals for bi-direc- 
tional communications of the 1.30 ji m and 1.55 n m 

55 wavelength band multiplexing signals. 

FIG. 35A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 
improved waveguide layer, along an A-A* line in FIG. 34 
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in the tenth embodiment according to the present inven- 
tion. 

The Y-branch has a ridged structure of laminations 
of semiconductor layers. The ridged structure Is formed 
on an n-lnP substrate 1 1 . The ridged structure is buried s 
in an InP burying layer 18 formed over the n-lnP sub- 
strate 1 1 . The ridged structure comprises the following 
compound semiconductor layers. An n-lnGaAsP layer 
12 is provided on the n-lnP substrate 11. An n-lnP 
spacer layer 13 is provided on the n-lnGaAsP layer 12. io 
A bottom separate confinement helero-structure layer 
14 is provided on the n-lnP spacer layer 13. A multiple 
quantum welt layer 15 transparent and propagation to 
1 .30 m wavelength band light is provided on the bot- 
tom separate confinement hetero-structure layer 14. A 75 
top separate confinement hetero-structure layer 16 is 
provided on the multiple quantum well layer 15 so that 
the top and bottom separate confinement hetero-struc- 
ture layers 14 and 16 sandwich the multiple quantum 
well layer 15 to confine the light in the multiple quantum so 
well layer 15 acting as a waveguide. An InP cladding 
layer 17 is provided on the top separate confinement 
hetero-structure layer 16. 

FIG. 35B Is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 2S 
1.30 IX m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 34 in the tenth embodiment 
according to tiie present invention. 

The 1.30»n m transmitter laser diode 3 has the so 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is burled in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 35 
layers. The n-InGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-InP 
spacer layer 13. The multiple quantum well layer 15 4o. 
transparent and propagation to 1.30 fi m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 1 5 so that the top and bot- 4s 
torn separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- so 
ture layer 16. 

FIG. 35C is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 ^ m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer along 55 
an C-C* line in FIG. 34 in the tenth embodiment accord- 
ing to the present invention. 

The 1 .30 ^1 m monitor photo-diode 4 has the ridged 
sti-ucture of laminations of semiconductor layers. The 



ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure Is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnQaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 p. m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top arKl bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 35P is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .30 n m receiver photo-diode 5 in the optical integrated 
circuit device with an improved waveguide layer, along 
an D-D' line in FIG. 34 in tiie tenth embodiment accord- 
ing to the present invention. 

The 1 .30 u m receiver photo-diode 5 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on tiie n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 ^ m wavelengtii 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the tq3 and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 35E is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .55 ^ m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E* line In FIG. 34 in the tenth embodiment accord- 
ing to the present invention. 

The 1 .55 M m receiver photo-diode 6 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure Is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over tiie n-lnP substrate 11. The ridged struc- 
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ture comprises the following compound semiconductor 
layers. The h-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The fcKJttom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 5 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.55 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 10 
multiple quantum well layer 15 so that the top and boX- 
torn separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 75 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

Fabrication processes of this above optical inte- 
grated circuit device will be described as follows. 

FIGS.' 36A and'36B are perspective viewfls illustra- 20 
tive of sequeritiar fabrication processes' of t^^^ optical 
integrated circuit device' with the improved vraveguide 
layer in the tenth embodiment according to the present 
invention. ^'v^- -'-^^^ ■■'X:-^^' ;->->-vrv ■ 

With reference to FIG 36A; a grating 20 is selec- 25 
tively formed on a predetermined region within the 
active region of the rl-lnP substrate 1 1 by an interfei'- 
ence exposure or an electron bearri exposure: An Si02 
film 21 as a dielectric film having a thickness of 1000 
angstroms is dejposited oh an entire surface of the n-lnP 30 
substrate 11 by a thermal chemical vapor deposition 
method.. ^ - 

With reference to FIG. 36B, by use of the normal 
photo-lithography, thei SiOa film 21 is. selectively 
removed to form a pair of stripe SiOa masks 22.' For the 35 
Y-branch 2 in the passive region 101, the width Wm of 
the mask is 6 m. For the 1.30 ^ m transmitter laser 
diode 3, the width Wm of the mask is 13 n m. For the 
1.30 >i m monitor photo-diode 4 and the 1.30 \i m 
receiver photo-diode 5 in the active region 102. the 40 
width Wm of the mask is 16 |i m..For the 1.55 n m 
receiver photo-diode 6, the width Wm of the mask is 30 
fi m. The gap of the masks 22 remains constant at 1 .5 \i 
m over the passive and active regions 1 01 and 102. For 
the 1.30 ^ m transmitter laser diode 3. the length of the 45 
masks 22 is 300 yi m. For the 1 .30 ^ m monitor photo- 
diode 4, the length of the masks 22 is 50 ^ m. For the 
1.30 M m receiver photo-diode 5, the length of the 
masks 22 is 50 ^ m. For the 1.55 |i m receiver photo- 
diode 6, the length of the masks 22 Is 50 ^ m. so 

By use of the masks 22, a metal organic chemical 
vapor deposition is carried out to form the ridged struc- 
ture comprising the following semiconductor layers. The 
n-lnGaAsP layer 12 is grown on the n-lnP substrate 11. 
The n-lnP spacer layer 13 is grown on the n-lnGaAsP ss 
layer 12. The bottom separate confinement hetero- 
structure layer 14 is grown on the n-lnP spacer layer 13. 
The multiple quantum well layer 15 transparent and 
propagation to 1 .30 n m wavelength band light is grown 



on the bottom separate confinement histero-structure 
layer 14v The multiple quantum well layer comprises 
alternating laminations of InGaAsP well layers and 
InGaAsP barrier layers. The top separate confinement 
hetero-structure layer 16 is grown oh the multiple quan- 
tum well layer 15. - 

The wavelength compositions and the thicknesses 
of tiie above individual layers depend upon the inask 
width Wm. In the regions of the wide mask width Whi of 
12 p. m; the n-lnGaAsP layer 1 2 hais a wavelength com- 
position of 1 . 1 5 |i m and a thickness of 1 000 angstroms. 
The n-lnP spacer layer 13 has a thickness of 400 ang- 
stroms. The bottom separate confinement hetero-struc- 
ture layiBr 14 has a wavelength composition of 1:15 \i m 
and a thickness of 1 000 angstroms. The multiple quan- 
tum well layer 15 comprises seven periods of InGaAsP 
well layers having a wavelength composition of 1.4 ^ m 
arxJ a thickness of 45 angstroms' and InGaAsP barrier 
layers having a wavelength composition of 1 . 15 ^ m and 
a thickness of 100 angstroms; The tbp separate con- 
finement hetero-structure layers 1 6 > has a wavelength 
composition^ of 1 . 1 5 n m and a thickness of 1 000 ang- 
strohisi: The- InP cladding: layer 1 7 has a thickness of 
2000 angstroms. Of the Y-brahch 2, the multiple quan^ 
tum well waveguide layer 15 has a wavelength compo- 
sition, of 1.15 n m. Of the 1.30 u ni transmitter laser 
diode 3, tiie multiple quantijm well waveguide layer 15 
has a wavelength coniposition of 1 .30 |i m. Of tiie 1 .30 
M m monitor photo^iode 4; the 1.30 m receiver rphoto- 
diode 5. the multiple quantum well waveguide layer 15 
has a wavelength composition of 1.35ii m. Of tiie 1.55 
fj m receiver photo-diode 6. tiie multiple quantum welt 
waveguide layer. 15 has a wavelengtii composition of 

1.60"-p.-m-^-\- ■:• •>.-••• -.-^^ 

The masks 22 are removed by a buffered fluorine 
add solution before the InP burying layer 1 8 is grown on 
tiie entire surface^ of tiie substrate to bury the ridged 
structure. The InP burying layer 1 8 has a thickness of 2 
fj m. By use of the normal selective diffusion process, 
Zn is diffused over the 1.30 ^ m transmitter laser diode 
3. the 1:30 M m monitor* photo<jiode 4, the 1.30 m 
receiver photo-diode 5 and the 1.55 m receiver photo- 
diode 6 for evaporation of contact metal and subse- 
quent polishing of the reverse side to evaporate the con- 
tact metal whereby the device is completed.' 

The above optical integrated circuit device has 
been adopted for transmitting 1.30 p. m wavelength 
band signals and receiving 1.30 ^ m and 1.55 p. m mul- 
tiplexing signals for multiple media communications of 
the 1.30 n m and 1.55 m wavelengtii band multiplex- 
ing signals. The 1 ,30 fi m wavelength composition of the 
waveguide layer is transparent to the 1 .55 ^ m wave- 
length band optical signals, for which reason the 1.55 fi 
m wavelengtii band optical signals pass through the 
1.30 ^l m receiver photo-diode 5 and then transmits to 
the 1 .55 n m photo-diode. Thus, the 1 .30 ^ m wave- 
length band optical signals are received by the 1 .30 ^ m 
receiver photo-diode 5. The 1.55 ^ m wavelength band 
optical signals passes tfirough the 1 .30 p m receiver 
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photo-dicxle 5 and are received by the 1 .55 |im receiver 
photo-dicxie 6. This optical integrated circuit device is 
adopted for transmitting 1 .30 ^ m wavelength band sig- 
nals and receiving 1.30 ii m and 1.55 n m multiplexing 
Signals for bi-directional communications of the 1.30 n 
m and 1 .55 ^ m wavelength band multiplexing signals. 

As described above^ the 1 .30 in m transmitter laser 
diode 3 and the 1.30 ^ m receiver photo-diode 5 are 
coupled in parallel to the Y-branch 2 for haff duplex bi- 
directional communications. Since no wavelength divi- 
sion multiplexing coupler is provided, the scaling down 
of the device is facilitated. This results in a considerable 
reduction in manufacturing cost of the device. 

Further, the above ridged structure is grown by the 
single crystal growth using a single pair of the dielectric 
masks 22. This allows the individual semiconductor lay- 
ers, particularly the multiple quantum well waveguide 
layer, are free of discontinuity In, crystal structure and 
also free from any stepped discontinuity in d^ihitions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 
crystal growth makes the fabrication processes simple. 
This further reduces the manufacturing cost of the 
device and improves the yield thereof 

As modification of the dielectric masks. SiN masks 
are also available. The dielectric film may t>e formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer, InGaAs layers, InGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different compound ^ 
semiconductors from that of the barrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimetJiyI zinc) is carried out dur- 
ing the selective growth processes. 

In place of the non-selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after k^roadening of the gap of the paired 
dielectric masks. 

An eleventh embodiment according to the present 
invention will be described, wherein an optical inte- 
grated circuit device with an improved waveguide layer 
is provided, 

FIQ. 37 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the eleventh embodiment according 
to the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In the passive region 101 , a Y-branch is pro- 
vided for guiding optical signals. In the active region 
102, a 1.30 m transmitter laser diode 3. a 1.30 ^ m 
monitor photo-diode 4 for monitoring the 1 .30 |i m trans- 
mitter laser diode 3, a 1 .30 ^ m receiver photo-diode 5. 
a 1 .55 ^ m receiver photo-diode 6, a 1 .55 ^ m transmit- 
ter laser diode 7, a 1.55 ^ m monitor photo-diode 8 for 
monitoring the 1.55 n m transmitter laser diode 7 are 
integrated. The 1 .30 ^ m transmitter laser diode 3 and 
the 1 .30 ^ m receiver photo-diode 5 are coupled in par- 
allel to the Y-branch 2. The 1 .30 p m monitor photo- 



diode 4 is positioned adjacent to a rear side of the 1 .30 
p. m transmitter laser diode 3 for monitoring the 1 .30 m 
transmitter laser diode 3. The 1 .55 n m receiver photo? 
diode 6 is provided adjacent to a rear side of the 1 .30 \i 

5 m receiver photo-diode 5 so as to allow that the 1 .55 \i 
m receiver photo-diode 6 is coupled in series to the 1 .30 
\i m receiver photo-diode 5. The 1 .30 \i m wavelength 
composition of the waveguide layer is transparent to the 
1 .55 H m wavelength band optical signals, for which rea- 

10 son the 1.55 fi m wavelength band optical signals 
passes through the 1 .30 m receiver photo-diode 5 and 
then transmits to the 1 .55 n m photo-diode. Thus, the 
1 .30 \i m wavelength band optical signals are received 
by the 1.30 n m receiver photo-diode 5. The 1.55 |i m 

15 wavelength band optical signals passes through the 
1 .30 111 m receiver photo<iiode 5 and are received by the 
1 .55 m receiver photo-diode 6. The 1 .55 p. m laser 
diode 7 is provided adjacent to a rear side of the 1.30 \i 
m monitor photo-diode 4. Further, the 1 .55 jx m monitor 

20 photo-diode 8 for monitoring the 1 .55 ii m laser diode 7 
is provided adjacent to a rear side of the 1 .55 p. m laser 
diode 7. The 1 .30 n m laser diode 3. the 1 .30 n m mon- 
itor photo-diode 4, the 1.55 n m laser diode 7 and the 
1 .55 ^ m monitor photo-diode 8 are coupled in series to 

25 the y-branch 4 for transmitting 1.30 ^ m and 1.55 m 
multiplex transmission signals. This optical integrated 
circuit device is adopted for transmitting 1 .30 |i m waver 
length tand signals and receiving 1 .30 fi m and 1 .55 \i 
m multiplexing signals for full bi-directional communica- 
te) tions of the 1 .30 |i m and 1 .55 ^ m wavelength band 
multiplexing signals. 

FIG. 38A is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the Y- 
branch in the optical integrated circuit device with an 

35 improved waveguide layer, along an A-A* line in FIG. 37 
in the eleventh embodiment according to the present 
invention. 

Ihe Y-branch has a ridged structure of laminations 
of semiconductor layers. The ridged structure is formed 

40 on an n-lnP substrate 1 1 . The ridged structure is buried 
in an InP burying layer 18 formed over the n-lnP sub- 
strate 1 1 . The ridged structure comprises the following 
compound semiconductor layers. An n-lnOaAsP layer 
12 is provided on the n-lnP substrate 11. An n-lnP 

45 spacer layer 13 is provided on the n-lnGaAsP layer 12. 
A bottom separate confinement hetero-structure layer 
14 is provided on the n-lnP spacer layer 13. A multiple 
quantum well layer 15 transparent and propagation to 
1 .30 ^ m wavelength band light is provided on the bot- 

50 tom separate confinement hetero-structure layer 14. A 
top separate confinement hetero-structure layer 16 is 
provided on the multiple quantum well layer 15 so that 
the top and bottom separate confinement hetero-struc- 
ture layers 14 and 16 sandwich the multiple quantum 

55 well layer 15 to confine the light in the multiple quantum 
well layer 15 acting as a waveguide. An InP cladding 
layer 17 is provided on the top separate confinement 
hetero-structure layer 16. 

FIG. 3dB is a fragmentary cross sectional elevation 
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view illustrative of an internal layered structure of the 
1 .30 m transmitter laser diode 3 in the optical inte- 
grated circuit device with an improved waveguide layer, 
along an B-B' line in FIG. 37 in the eleventh embodi- 
ment according to the present invention. 

The 1.30 n m transmitter laser diode 3 has the 
ridged structure of laminations of semiconductor layers. 
The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnQaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 38C is a fragmentary cross sectional elevation 
view illustrative of an internal layered stmcture of the 
1 .30 ^ m monitor photo-diode 4 in the optical integrated 
circuit device with an improved waveguide layer, along 
an C-C line in FIG. 37 in the eleventh embodiment 
according to the present invention. 

The 1 .30 n m monitor photo-diode 4 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
famed over the n-tnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .30 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 38D is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1.55 M m transmitter laser diode 7 in the optical inte- 
grated circuit device with an improved waveguide layer. 



along an D-D' line in FIG. 37 in the eleventh embodi- 
ment according to the present invention. 

The 1 .55 n m transmitter laser diode 7 has the 
ridged structure of laminations of semiconductor layers. 
5 The ridged structure is formed on an n-lnP substrate 1 1 . 
The ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
10 substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .55 ji m wavelength 
15 band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer IS so that the top and bot- 
tom separate confinement hetero-structure layers 14 
20 and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

25 FIG. 38E is a fragmentary cross sectional elevation 
view illustrative of an Internal layered structure; of the 
1 .55 m monitor photo-diode 8 in the optical integrated 
circuit device with an improved waveguide layer, along 
an E-E' line in FIG. 37 in the eleventh embodiment 

30 according to the present invention. 

The 1 .55 m monitor photo-diode 8 has the ridged 
structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 

35 formed over the n-lnP substrate 11. The ridged struc- 
ture conprises the following compound semiconductor 
layers. The n-lnGaAsP layer 12 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 

40 ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1 .55 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 

45 finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 

so acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 38F is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
55 1 .30 M m receiver photo-diode 5 In the optical integrated 
circuit device with an improved waveguide layer, along 
an F-F* line in FIG. 37 in the eleventh embodiment 
according to the present invention. 

The 1 .30 ^ m receiver photo-diode 5 has the ridged 
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structure of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ringed structure is buried in an InP burying layer 18 
f ■ ;ied over the n-lnP substrate 11. The ridged struc- 
ii comprises the following compound semiconductor 
Isyi^rs. The n-lnGaAsP layer 12 is provided on the n-lnP 
suDStrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnQaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.30 m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 1 4. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
ana 16 sandwich the multiple quantum well layer 15 to 
confine the light in the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

FIG. 38G is a fragmentary cross sectional elevation 
view illustrative of an internal layered structure of the 
1 .55 ^ m receiver photo-diode 6 in the optical integrated 
circuit device with an improved waveguide layer, along 
an G-G* line in FIG. 37 in the eleventh embodiment 
according to the present invention. 

The 1 .55 ji m receiver photo-diode 6 has the ridged 
stnjcture of laminations of semiconductor layers. The 
ridged structure is formed on an n-lnP substrate 1 1 . The 
ridged structure is buried in an InP burying layer 18 
formed over the n-lnP substrate 11. The ridged struc- 
ture comprises the following compound semiconductor 
layers. The n-lnGaAsP layer 1 2 is provided on the n-lnP 
substrate 11. The n-lnP spacer layer 13 is provided on 
the n-lnGaAsP layer 12. The bottom separate confine- 
ment hetero-structure layer 14 is provided on the n-lnP 
spacer layer 13. The multiple quantum well layer 15 
transparent and propagation to 1.55 ^ m wavelength 
band light is provided on the bottom separate confine- 
ment hetero-structure layer 14. The top separate con- 
finement hetero-structure layer 16 is provided on the 
multiple quantum well layer 15 so that the top and bot- 
tom separate confinement hetero-structure layers 14 
and 16 sandwich the multiple quantum well layer 15 to 
confine the light In the multiple quantum well layer 15 
acting as the waveguide. The InP cladding layer 17 is 
provided on the top separate confinement hetero-struc- 
ture layer 16. 

Fabrication processes of the above optical inte- 
grated circuit device will be described as follows. 

FIGS. 39A and 39B are perspective views illustra- 
tive of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the eleventh embodiment according to the 
present invention. 

With reference to FIG. 39A, a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 11 by an interfer- 



ence exposure or an electron beam exposure. An SiOg 
film 21 as a dielectric film having a thickness of 1000 
angstroms is deposited on an entire surface of the n-lnP 
substrate 1 1 by a thermal chemical vapor deposition 
5 method. 

With reference to FIG. 39B, by use of the normal 
photo-lithography, the Si02 film 21 is selectively 
removed to form a pair of stripe SiOa masks 22, For the 
Y-branch 2 in the passive region 101, the width Wm of 
10 the mask Is 6 ^ m. For the 1.30 |i m transmitter laser 
diode 3. the width Wm of the mask is 13 ^ m. For the 
1.30 m monitor photo-diode 4 and the 1.30 ^ m 
receiver photo-diode 5 in the active region 102, the 
width Wm of the mask is 16 n m. For the 1.55 >i m 
15 receiver photo-diode 6, the width Wm of the mask is 30 
|i m. For the 1 .55 ^ m transmitter laser diode 7, the 
width Wm of the mask is 27 ^ m. For the 1 .55 n m mon- 
itor photo-diode 8. the width Wm of the mask is 30 \i m. 
The gap of the masks 22 remains constant at 1 .5 |i m 
20 over the passive and active regions 101 and 102. For 
the 1.30 n m transmitter laser diode 3, the length of the 
masks 22 is 300 n m. For the 1.30 n m monitor photo- 
diode 4. the length of the masks 22 is 50 m. For the 
1.30 M m receiver photo-diode 5. the length of the 
25 masks 22 is 50 ^ m. For the 1.55 m receiver photo- 
diode 6. the length of the masks 22 is 50 ^ m. For the 
1.55 n m transmitter laser diode 7, the length of the 
masks 22 is 300 u m. For the 1.55 ^ m monitor photo- 
diode 8, the length of the masks 22 is 50 fi m. 
30 By use of the masks 22, a metal organic chemical 
vapor deposition is carried out to form the ridged struc- 
ture comprising the following semiconductor layers. The 
n-lnGaAsP layer 1 2 is grown on the n-lnP substrate 1 1 . 
The n-lnP spacer layer 13 is grown on the n-lnGaAsP 
35 layer 12. The bottom separate confinement hetero- 
structure layer 14 is grown on the n-lnP spacer layer 13. 
The multiple quantum well layer 15 transparent and 
propagation to 1 .30 ^ m wavelength band light Is grown 
on the bottom separate confinement hetero-structure 
40 layer 14. The nrujltiple quantum well layer comprises 
alternating laminations of InGaAsP well layers and 
InGaAsP barrier layera The top separate confinement 
hetero-structure layer 16 is grown on the multiple quan- 
tum well layer 15. 
45 The wavelength compositions and the thicknesses 
of the above individual layers depend upon the mask 
width Wm. In the regions of the wide mask width Wm of 
13 ^ m, the n-lnGaAsP layer 12 has a wavelength com- 
position of 1 . 1 5 ^ m and a thickness of 1 000 angstroms. 
50 The n-lnP spacer layer 13 has a thickness of 400 ang- 
stroms. The bottom separate confinement hetero-struc- 
ture layer 14 has a wavelength composition of 1. 15 m m 
and a thickness of 1000 angstroms. The multiple quan- 
tum well layer 15 comprises seven periods of InGaAsP 
55 well layers having a wavelength composition of 1 .4 ^ m 
and a thickness of 45 angstroms and InGaAsP barrier 
layers having a wavelength composition of 1 . 15 h m and 
a thickness of 100 angstroms. The top separate con- 
finement hetero-structure layer 16 has a wavelength 
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composition of 1.15 ^ m and a thickness of 1000 ang- 
stroms. The InP cladding layer 17 has a thickness of 
2000 angstroms. Of the Y-branch 2, the multiple quan- 
tum well waveguide layer 15 has a wavelength compo- 
sition of 1.15 n m. Of the 1.30 m transmitter laser 5 
diode 3. the multiple quantum well waveguide layer 15 
has a wavelength cdmposttion of 1.30 n m. Of the 1.30 
\i m monitor photo-diode 4. the 1 .30 \x m receiver photo- 
diode 5, the multiple quantum well waveguide layer 15 
has a wavelength composition of 1 .35 |i m. Of the 1 .55 10 
\i m receiver photo-diode 6. the multiple quantum well 
waveguide layer 15 has a wavelength composition of 
1 .60 n m. Of the 1 .55 ^ m laser photo-diode 7. the mul- 
tiple quantum well waveguide layer 15 has a wavelength 
composition of 160 \i m. Of the 1.55 ji m monitor photo- 15 
diode 8. the multiple quantum well waveguide layer 15 
has a wavelength composition of 1 .60 ^ m. 

The masks 22 are removed by a buffered fluorine 
acid solution before the InP burying layer 18 is grown on 
the entire surface of the substrate to bury the ridged 20 
structure/ The InP burying layer 18 has a thickness of 2 
\i m. By use of the normal selective diffusion process, 
Zn is diffused over the 1 .30 ^ m transmitter lasier diode 
3. the 1.30 n m monitor photo-diode 4, the 1.30 n m 
receiver photo-diode 5. the 1.55 m m receiver photo- 25 
diode 6. the 1 .55 |i m transmitter laser diode 7 and the 
1 .55 (a m monitor photo-diode 8 for evaporation of con- 
tact metal and subsequent polishing of the reverse side 
to evaporate the contact metal whereby the device is 
completed. 30 

The above optical integrated circuit device has 
been adopted for transmitting 1.30 n m and 1.55 m 
multiplexing signals and receiving 1.30 fx m and 1.55 \l 
m multiplexing signals for multiple media communica- 
tions of the 1.30 n m and 1.55 m wavelength band 3S 
multiplexing signals.>The 1 .30 p. m wavelength composi- 
tion of the waveguide layer is transparent to the 1 .55 ^ 
m wavelength band optical signals, for which reason the 
1.55 |i m wavelength band optical signals passes 
through the 1 .30 \i m receiver photo-diode 5 and then 40 
transmits to the 1 .55 \i m photo-diode. Thus, the 1.30 ^ 
m wavelength band optical signals are received by the 
1 .30 ji m receiver photo-diode 5. The 1 .55 m wave- 
length band optical signals passes through the 1 .30 ^ m 
receiver photo-diode 5 and are received by the 1 .55 ^ m 45 
receiver photo-diode 6. The 1 .55 \x m wavelength band 
optical signals are transmitted through the 1.30 ^ m 
laser diode 3. This optical integrated circuit device is 
adopted for transmitting 1.30 ^ m and 1.55 ^ m multi- 
plexing signals and receiving 1 .30 |i m and 1 .55 |i m so 
multiplexing signals for multiple media communications 
of the 1.30 fi m and 1.55 ^ m wavelength band multi- 
plexing signals. 

As described above, the 1 .30 ^ m transmitter laser 
diode 3 and the 1 .30 ^ m receiver photo-diode 5 are 55 
coupled in parallel to the Y-branch 2 for full duplex bi- 
directional communications. Since no wavelength divi- 
sion multiplexing coupler is provided, the scaling down 
of the device is facilitated. This results in a considerable 



reduction in manufacturing cost of the device. 

Further, the above ridged structure is grown by the 
single crystal growth using a single pair of the dielectric 
masks 22. This allows the individual semiconductor lay- 
ers, particularly the multiple quantum well waveguide 
layer, are free of discontinuity in crystal structure and 
also free from any stepped discontinuity in definitions of 
the above layers. This allows the waveguide layer to be 
free from a substantive coupling loss. Moreover, single 
crystal growth makes the fabrication processes simple. 
This further reduces the manufacturing cost of the 
device and improves the yield thereof. 

As modification of the dielectric nnasks, SiN masks 
are also available. The dielectric film may be formed by 
a plasma chemical vapor deposition method. 

As modification of the multiple quantum well 
waveguide layer, InGaAs layers, InGaAIAs layers and 
InGaAIAsP layers are also available. It is also possible 
that the well layers are made of different compound 
semiconductors from that of the barrier layers. 

In place of the selective diffusion processes, a dop- 
ing process of DMZn (dimethyl zinc) is carried out dur- 
ing the selective growth processes. 

In place of the non-selective deposition of the bur- 
ied layer, a selective deposition thereof may also be car- 
ried out after broadening of the gap of the paired 
dielectric masks. 

A twelfth embodiment according to the present 
invention will be described, wherein an optical inte- 
grated circuit device with an improved waveguide layer 
is provided. 

FIG. 40 is a perspective view illustrative of an opti- 
cal integrated circuit device with an improved 
waveguide layer in the twelfth embodiment according to 
the present invention. The optical integrated circuit 
device comprises a passive region 101 and an active 
region 102. In the passive region 101. a Y-branch is pro- 
vided for guiding optical signals. In the active region 
102, a 1.55 ^ m transmitter laser diode 7, a 1.55 m 
monitor photo-diode 8 for monitoring the 1 .55 n m trans- 
mitter laser diode 7. a 1.30 m receiver photo-diode 5 
and a 1.55 ^ m receiver photo-diode 6 are Integrated. 
The 1 .55 )i m transmitter laser diode 7 and the 1 .55 n m 
receiver photo-diode 6 are coupled in parallel to the Y- 
branch 2. The 1 .55 ^ m transmitter laser diode 7 is cou- 
pled in series via the Y-branch 2 to the 1 .30 m receiver 
photo-diode 5. The 1 .55 p. m receiver photo-diode 6 is 
also coupled in series via the Y-branch 2 to the 1 .30 11 m 
receiver photo-diode 5. The 1 .55 m monitor photo- 
diode 8 is positioned adjacent to a rear side of the 1 .55 
p m transmitter laser diode 7 for monitoring the 1 .55 |i m 
transmitter laser diode 7. The 1.30 n m wavelength 
composition of the waveguide layer is transparent to the 
1 .55 M m wavelength band optical signals, for which rea- 
son the 1.55 ^ m wavelength band optical signals 
passes through the 1 .30 u m receiver photo-diode 5 and 
then transmits to the 1.55 ^ m receiver photo-diode 6. 
Thus, the 1.30 n m wavelength band optical signals are 
received by the 1 .30 n m receiver photo-diode 5. The 
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1 .55 m wavelength band optical signals pass through 
the 1 .30 m receiver photo-diode 5 and are received by 
the 1 .55 ^ m receiver photo-diode 6. This optical inte- 
grated circuit device is adopted for transmitting 1 .30 ji m 
wavelength band signals and receiving 1.30 ^ m and 
1 .55 ^ m multiplexing signals for bi-directional commu- 
nications of the 1 .30 ^ m and 1 .55 ^ m wavelength band 
multiplexing signals. 

Fabrication processes of the above optical inte- 
grated circuit device will be described as follows. 

FIGS. 41 A and 41 B are perspective views illustra- 
tive of sequential fabrication processes of the optical 
integrated circuit device with the improved waveguide 
layer in the twelfth embodiment according to the present 
invention. 

With reference to FIQ. 41 A, a grating 20 is selec- 
tively formed on a predetermined region within the 
active region of the n-lnP substrate 1 1 by an interfer- 
ence exposure or an electron beam exposure. An Si02 
film 21 as a dielectric film having a thickness of 1000 
angstroms Is deposited on an entire surface of the n-tnP 
substrate 11 by a thermal chemical vapor deposition 
method. 

With reference to FIG. 41 B, by use of the normal 
photo-lithography, the Si02 film 21 is selectively 
removed to form a pair of stripe SiOg masks 22. 

By use of the masks 22, a metal organic chemical 
vapor deposition is carried out to form the ridged struc- 
ture comprising the following semiconductor layers. The 
n-lnGaAsP layer 12 is grown on the n-lnP substrate 11. 
The n-lnP spacer layer 13 is grown on the n-lnGaAsP 
layer 12. The bottom separate confinement hetero- 
structure layer 14 is grown on the n-lnP spacer layer 13. 
The multiple quantum well layer 15 transparent and 
propagation to 1 .30 |i m wavelength band light is grown 
on the bottom separate confinement hetero-structure 
layer 14. The multiple quantum well layer conrprises 
alternating laminations of InGaAsP well layers and 
InGaAsP barrier layers. The top separate confinement 
hetero-structure layer 16 is grown on the multiple quan- 
tum well layer 15. 

The masks 22 are removed by a buffered fluorine 
acid solution before the InP burying layer 18 is grown on 
the entire surface of the substrate to bury the ridged 
structure. The InP burying layer 18 has a thickness of 2 
^ m. By use of the normal selective diffusion process, 
Zn is diffused over the 1 .30 m transmitter laser diode 
3, the 1 .30 n m monitor photo-diode 4, the 1 .30 fi m 
receiver photo-diode 5 and the 1 .55 ^ m receiver photo- 
diode 6 for evaporation of contact metal and subse- 
quent polishing of the reverse side to evaporate the con- 
tact metal whereby the device is completed. 

The above optical integrated circuit device has 
been adopted for transmitting 1.55 m wavelength 
band signals and receiving 1.30 p m and 1.55 \i m mul- 
tiplexing signals for multiple media communications of 
the 1.30 ji m and 1.55 p m wavelength band multiplex- 
ing signals. The 1 .30 m wavelength composition of the 
waveguide layer is transparent to the 1.55 n m wave- 
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length band optical signals, for which reason the 1 .55 \i 
m wavelength band optical signals pass through the 
1.30 >i m receiver photo-diode 5 and then transmits to 
the external photo-diode adjusted for receiving 1 .55 m 

5 wavelength band optical signals. Thus, the 1.30 n m 
wavelength band optical signals are received by the 
1.30 m receiver photo-diode 5. The 1.55 m wave- 
length band optical signals passes through the 1 .30 ^ m 
receiver photo-diode 5 and are received by the 1 .55 |i m 

10 receiver photo-diode 6. This optical integrated circuit 
device is adopted for transmitting 1.55 m wavelength 
band signals and receiving 1.30 ^ m and 1.55 ^ m mul- 
tiplexing signals for bi-cfirectional communications of the 
1.30 |i m and 1.55 ii m wavelength band multiplexing 

15 signals. 

Whereas modifications of the present invention will 
be apparent o a person having ordinary skill in the art, 
to which the invention pertains, it is to be understood 
that embodiments as shown and described by way of 
20 illustrations are by no means intended to be considered 
in a limiting sense. Accordingly, it is to be intended to 
cover by claims any modifications of the present inven- 
tion which fall within the spirit and scope of the present 
invention. 

25 

Claims 

1 . An optical semiconductor integrated circuit device 
comprising: 

30 

a semiconductor substrate (11) having a pas- 
sive region (101) and an active region (102); 
and 

a ridged structure constituting at least a branch 

35 (2) or at least a waveguide division multiplexing 

coupler (1) selectively extending over said pas- 
sive region (101). at least a laser diode selec- 
tively extending over said active region (102) 
and at least a photo diode selectively extending 

40 over said active region (102), said ridged struc- 

ture including a semiconductor waveguide 
layer (15) sandwiched between optical confine- 
ment layers, said semiconductor waveguide 
layer (15) in said active region (102) having a 

45 wavelength composition larger than that in said 

passive region (101), 

characterized in that said waveguide 
layer (15) has a semiconductor crystal struc- 
ture which is continuous not only over said 

so active and passive regions (102.101) but also 

at a boundary between said active and passive 
regions (102,101). 

2. The optical semiconductor integrated circuit device 
55 as claimed in claim 1 , characterized in tiiat said 

ridged structure has been formed by a selective 
semiconductor crystal growth using a dielectric 
mask pattern being provided on said semiconduc- 
tor substrate (11) and extending over said active 
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and passive regions (102.101). said dielectric mask 
pattern comprising at least a pair of stripe like die- 
lectric films (22) having a gap between them, each 
of said stripe like dielectric films (22) having a larger 
width in said active region (102) than that in said 5 
passive region (101). 

3. The optical semiconductor integrated circuit device 
as claimed in claim 2, characterized in that said 
width of said stripe like dielectric films (22) remains 10 
constant over said passive region (101). 

4. The optical semiconductor integrated circuit device 
as claimed in claim 2. characterized In that said 
width of said stripe like dielectric films (22) varies on i5 
at least a part of said passive region (101). 

5. The optical semiconductor integrated circuit device 
as claimed in claim 2, characterized in that said 
width of said stripe like dielectric films (22) remains 20 
constant over said active region (102). 

6. The optical semiconductor integrated circuit device 
as claimed in claim 2. characterized in that said 
width of said stripe like dielectric films (22) varies on 25 
at least a part of said active region (102) to 
decrease toward said branch (2). 

7. The optical semiconductor integrated circuit device 

as claimed in claim 6. characterized in that said 30 
decrease in said width of said stripe like dielectric 
films (22) is a step like decrease toward said branch 
(2). 

8. The optical semiconductor integrated circuit device 35 
as claimed in daim 2. characterized in that said gap 

of said stripe like dielectric films (22) remain con- 
stant over said passive and active regions. 

9. The optical semiconductor integrated circuit device 40 
as claimed in daim 2, characterized in that said gap 

of said stripe like dielectric films (22) varies on at 
least a part of said passive and active regions. 

10. The optical semiconductor integrated circuit device 45 
as claimed in claim 1. characterized in that said 
branch (2) comprises a Y-branch (2). 

1 1 . The optical semiconductor integrated circuit device 

as claimed in claim 1. further comprising a wave- so 
length division multiplexing coupler (1) in said pas- 
sive region (101) and said wavelength division 
multiplexing coupler (1) is connected through said 
branch (2) to said laser diode and said photo diode. 

55 

12. The optical semiconductor integrated circuit device 
as daimed in claim 1, further comprising a monitor 
photo diode in said active region (1 02). said monitor 
photo diode is provided adjacent to a rear side of 



said laser diode having a front side connected to 
said branch (2). 

13. The optical semiconductor integrated circuit device 
as claimed in claim 1 , further comprising a window 
provided at an opposite end portion of said branch 
(2) to a t)Oundary between said active and passive 
regions (102,101). 

14. The optical semiconductor integrated circuit device 
as claimed in daim 1, further comprising a window 
region provided at an opposite end portion of said 
branch (2) to a boundary between said active and 
passive regions (102,101). 

15. The optical semiconductor integrated circuit device 
as claimed in claim 1 , characterized in that a plural- 
ity of photo-diodes for the same wavelength band 
are provided to be connected in parallel to said 
branch (2). 

16. The optical semiconductor integrated drcuit device 
as claimed in claim 1 , characterized in that a plural- 
ity of photo-diodes for different wavelength bands 
are provided to be connected in parallel to said 
branch (2). 

17. The optical semiconductor integrated drcuit device 
as claimed in claim 1 , characterized in that a plural- 
ity of photo-diodes adjusted for different wavelength 
bands are provided to be connected in series to 
said branch (2). provided said photo<liode posi- 
tioned closer to said branch (2) than others is 
adjusted for a larger wavelength band than those of 
said other photo-diodes. 

18. The optical semiconductor integrated drcuit device 
as claimed in claim 1 , characterized in that a plural- 
ity of laser-diodes for the same wavelength band 
are provided to be connected in parallel to said 
branch (2). 

19. The optical semiconductor integrated circuit device 
as claimed in claim 1 , characterized in that a plural- 
ity of laser-diodes for different wavelength bands 
are provided to be connected in parallel to said 
branch (2). 

20. The optica! semiconductor integrated circuit device 
as claimed in claim 1, characterized in that a plural- 
ity of laser-diodes adjusted for different wavelength 
bands are provided to be connected in series to 
said branch (2). provided said laser-diode posi- 
tioned closer to said branch (2) than others is 
adjusted for a larger wavelength band than those of 
said other laser-diodes. 

21. The optical semiconductor integrated circuit device 
as claimed in claim 1, further comprising a photo- 
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diode provided at an opposite end portion of said 
branch (2) to a boundary between said active and 
passive regions (102,101). 

22. The semiconductor waveguide layer (15) as s 
claimed in claim 1 , characterized in that said ridged 
structure is a strip loaded structure. 

23. The semiconductor waveguide layer (15) as 
claimed in claim 1 . characterized in that said ridged io 
structure is a buried structure buried with a burying 
semiconductor layer. 

24. The semiconductor waveguide layer (15) as 
claimed in claim 1 . characterized in that said ridged is 
structure comprises : 

an n-doped InGaAsP layer ; 
an n-doped InP spacer layer formed on said n- 
doped InGaAsP layer ; so 
a bottom separate confinement hetero-struc- 
ture layer formed on said n-doped InP spacer 
layer ; 

a multiple quantum well waveguide layer (15) 
formed on said bottom separate confinement 2S 
hetero-structure layer : 

a top separate confinement hetero-structure 
layer formed on said multiple quantum well 
waveguide layer (15) ; and 

an InP cladding layer formed on said top sepa- 3o 
rate confinement hetero-structure layer. 

25. A method of forming an optical semiconductor inte- 
grated circuit device over a semiconductor sub- 
strate (11) having a passive region (101) and an 35 
active region (102), said method comprising the 
steps of : 

providing a dielectric mask pattern on said 
semiconductor substrate (11), said dielectric 4o 
mask pattern extending over said active and 
passive regions (102,101), said dielectric mask 
pattern comprising at least a pair of stripe like 
dielectric films (22) having a gap between 
them, each of said stripe like dielectric films 4S 
(22) having a larger width in said active region 
(102) than that in said passive region (101) : 
and 

carrying out a selective semiconductor crystal 
growth by use of said dielectric mask pattern to so 
grow a ridged structure constituting at least a 
branch (2) or at least a wavelength division 
multiplexing coupler (1) selectively extending 
over said passive region (101), at least a laser 
diode selectively extending over said active ss 
region (102) and at least a photo diode selec- 
tively extending over said active region (102), 
said ridged structure including a semiconduc- 
tor waveguide layer (15) sandwiched between 



optical confinement layers, said semiconductor 
waveguide layer (15) in said active region (102) 
having a wavelength composition larger than 
that in said passive region (101), 

characterized in that said waveguide 
layer (15) has a semiconductor crystal struc- 
ture which is continuous not only over said 
active and passive regions (102,101) but also 
at a boundary between said active and passive 
regions (102.101). 

26. The method as claimed in claim 25, characterized 
in that said width of said stripe tike dielectric films 
(22) remains constant over said passive region 
(101). 

27. The method as claimed in claim 25, characterized 
in that said width of said stripe tike dielectric films 
(22) varies on at least a pari of sakl passive region 

(101) . 

28. The method as claimed in claim 25, characterized 
in that said width of said stripe like dielectric films 
(22) remains constant over said active region (102). 

29. The method as claimed in claim 25, characterized 
in that said width of said stripe like dielectric films 
(22) varies on at least a part of said active region 

(102) to decrease toward said branch (2). 

30. The method as claimed in claim 29, characterized 
in that said decrease in said width of said stripe like 
dielectric films (22) is a step like decrease toward 
said branch (2). 

31. The method as claimed in claim 25. characterized 
in that said gap of said stripe like dielectric films 
(22) remain constant over said passive and active 
regions. 

32. The method as claimed in claim 25, characterized 
in that said gap of said stripe like dielectric films 
(22) varies on at least a part of said passive and 
active regions. 

33- The method as claimed in claim 25, characterized 
in that said selective semiconductor crystal growth 
is carried out by an organic metal chemical vapor 
deposition method. 
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FIG. 1 PRIOR ARTT 




101 : transmitter laser diode 

102 : monitor photo diode 

103 : receiver photo diode 

104 : WDM coupler 
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201 



204 




201 : 1.30 /z m receiver photo diode 

202 : 1.55 // m receiver photo diode 

203 : 1.30 // m transmitter laser diode 

204 : monitor photo diode 

205 : WDM coupler 

206 : 3dB coupler 
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FIG. 3 
302 




302 : selectively grown mesa structure 

303 : waveguide layer (core layer) 
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mask width Wm (ju rn) 
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2 : Y-branch 

3 : 130 ju m Iransmitler laser diode 

4 : 1.30 // m monitor photo diode 

5 : 1.30 /i m receiver photo diode 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-struclure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
20 : grating 
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C 11 C' 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide la3'er 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : lop separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
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1 1 : n-InP substrate 
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3 : 1.30 PL m transmiiter laser diode 

-branch 

22 : selective growth mask 
Wm : mask width 
Wg : mask gap 
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12 11 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-siructure layi 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struciure layer 

17 : InP cladding layer 

22 ; selective growth mask 
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1 1 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

1 7 : In? cladding layer 

18 : In? buried layer 
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101 : passive region 102 : active region 

1 : WDM coupler 

2 : Y-branch 

3 : 130 IJL m transmitter laser diode 

4 : 1.30 IJL m monitor photo diode 

5 : 1.30 m receiver photo diode 

6 : 1.55 fJL m receiver photo diode 
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FIG, 1 1 A 




11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layi 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement heiero-structure layi 

15 : MQW waveguide layer 

16 : lop separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
20 : grating 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-slruclure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : botlom separate confinement helero-struclure layer 

15 : MQW waveguide layer 

16 : top separate confiinement hetero-slruclure layer 

17 : InP cladding layer 

18 : InP buried layer 
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1 1 : n-InP substrate 
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1 6 22 




1 : WDM coupler 

2 : Y-branch 

3 : 1.30 m transmitter laser diode 

4 : 130 JUL m monitor photo diode 

5 : 1.30 m receiver photo diode 

6 : 1.55 JU m receiver photo diode 
11 : n-InP substrate 

22 : selective growth mask 
Wm : mask width . 
Wg : mask gap 
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12 11 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

22 : selective growth mask 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-slruclure layer 

17 : In? cladding layer 

18 : In? buried layer 



71 



EP 0 762 157 A2 



FIG. 13 



1.30 fJL m/1.55 IJL m wavelength multiplexing receiving signal 



1.30 fJL m wavelength transmission signal 




101 : passive region 



1 : WDM coupler 

2 : Y-branch 

3 : 1.30 // m transmitter laser diode 

4 : 1.30 ^ m monitor photo diode 

5 : 1.30 p. m receiver photo diode 

6 : 1.55 IJL m receiver photo diode 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MOW waveguide layer 

16 : lop separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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11 : n-InP substrate 

12 : n-TnGaAsP layer 

13 : n-inP spacer layer 

14 : boitom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struciure layer 

17 : InP cladding layer 

18 : InP buried layer 
20 : grating 
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11 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 ; In? cladding layer 

18 ; InP buried layer 
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D I b' 

11 ; n-InP substrate 

12 : xi-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 ; In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
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3 : 1.30 m transmitter laser diode 

4 : 1.30 PL m monitor photo diode 

5 : 1.30 fJL m receiver photo diode 

6 : 1.55 m receiver photo diode 
11 : n-InP substrate 

22 : selective growth mask 
Wm : mask width 
Wg : mask gap 
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12 11 



1 1 : n-InP substrate 
12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bollom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : lop separate confinement hetero-structure layer 

17 : In? cladding layer 

22 : selective growth mask 
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11 : n-InP substrate 
12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement helero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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1.30 fx in/1.55 p, m wavelength multiplexing receiving signal 

1.30 jJL m wavelength transmission signal 
1 




101 : passive region 

1 : WDM coupler 



102 : active region 



2 
3 
4 
5 
6 
7 



Y-branch 

1.30 m transmitter laser diode 
1.30 p, m monitor photo diode 
1.30 m receiver photo diode 
1.55 PL m receiver photo diode 
spK:>t size converter 
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It ^ 

1 1 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement helero-struclure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-siructure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struclure layer 

17 : In? cladding layer 

18 : In? buried layer 
20 : grating 
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11 
12 



: n-InP substrate 
n-InGaAsP layer 



13 : n-InP spacer layer 

14 : bottom separate confinement hetero-slructure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struclure layer 

17 : In? cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-slructure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement helero-struciure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struclure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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1 : WDM coupler 

2 : Y-branch 

3 : 1.30 m transmitter laser diode 

4 : 1.30 m monitor photo diode 

5 : 1.30 m receiver photo diode 

6 : 1.55 JU m receiver photo diode 

7 : spot size converter 
11 : n-InP substrate 

22 : selective growth mask 
Wm : mask width 
Wg : mask gap 
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37 : spot size converter region 



ZJ 



22 : selective growth mask 
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12 11 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

22 : selective growth mask 



92 



EP 0 762 157 A2 



F I G, 1 S E 




11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-struclure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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1.30 JJL ni/1.55 /z m wavelength multiplexing receiving signal 



1.30 fJL m wavelength transmission signal 




101 : passive region 102 : active 



1 : WDM coupler 

2 : Y-branch 

3 : 1.30 p, m transmitter laser diode 

4 : 1.30 /z m monitor photo diode 

5 : 1.30 UL m receiver photo diode 

6 : 1.55 JUL m receiver photo diode 
8 : window region 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-struclure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struciure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaA5P layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-siructure lay 

15 : MQW waveguide layer 

16 : lop separate confinement heiero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
20 : grating 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-struclure layi 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
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11 •• n-InP substrate 
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n 

11 : n-InP substrate 
21 : Si02 film 
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1 : WDM coupler 

2 : Y-branch 

3 : 1.30 PL m iransmiiier laser diode 

4 : 1.30 JJL m monitor photo diode 

5 : 1.30 >a m receiver photo diode 

6 : 1.55 /z m receiver photo diode 
8 : window region 

11 : n-InP substrate 
22 : selective growth mask 
Wm : mask width 
Wg : mask gap 
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8 : window region 
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12 11 

1 1 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement heiero-struciure laye 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

22 : selective growth mask 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-siructure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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3 : 1.30 // m transmitter laser diode 

4 : 1.30 m monitor photo diode 

5 : 1.30 u m receiver photo diode 
7 : spot size converter 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure laj'er 

17 : In? cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 
12: n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layi 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
20 : grating 
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11 : n-InP substrate 

12 : n-rlnGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure lay^ 

15 : MQW waveguide layer 

16 : lop separate confinement hetero-structure layer 

17 : In? cladding laver 

18 : In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate coniSnement hetero-struciure layer 

15 : MQW waveguide layer 

16 : lop separate confinement hetero-structure layer 

17 : In? cladding layer 
IS : !nP buried hver 
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2 : Y-branch 

3 : 1.30 PL m transmitter laser diode 
7 : spot size converter 

22 : selective growth mask 
Wm : mask width 
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^^^^^ 37 : spot size converter region 
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22 : selective growth mask 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement heiero-structure layer 

15 ; MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

22 : selective growth mask 
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11 : n-InP substrate 
12: n-InGaAsP layer 

13 : n-InP spacer layer 

14 : botlom separate confinement helero-slruciure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-slructure layer 

17 : In? cladding layer 

18 : In? buried layer 



116 



f 



EP 0 762 157 A2 



K I G. 2 5 



2 




10.1 : passive region 102 : active region 



2 : Y-branch 

3 : 1.30 m transmitter laser diode 

4 : 1.30 m monitor photo diode 

5 : 1,30 // m receiver photo diode 
8 : window region 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement heiero-structure layer 

15 • MQW waveguide layer 

16 : top separate confinement hetero-siructure layer 

17 : In? cladding layer 

18 : I nP buried layer 
20 : grating 
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C II 



11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure lay( 

15 : MQW waveguide layer 

16 : top separate confinement helero-slructure layer 

17 : In? cladding layer 

18 : InP buried layer 
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1 1 : n-InP substrate 

12 . n-InGaAsP layer 

13 : n-\nP spacer layer 

14 : bottom separate confinement hetero-structure laye 

15 • MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 
IS : InP buried layer 
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11 : n-InP substrate 
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2 : Y-branch 



3 : 1.30 JUL m transmitter laser diode 

8 ; window region 

22 : selective growth mask 

Wm : mask width 

Wg : mask gap 
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8 : window region 
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I 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layi 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 
22 : selective growth mask 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate conGnement helero-structure laye 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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1.55 fJL m wavelength transmission signal 
1.30 m wavelength receiving signal 




1 : WDM coupler 

3 : 1.55 /z m transmitter laser diode 

4 : 1.55 // m monitor photo diode 

5 : 1.30 m receiver photo diode 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layi 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
20 : grating 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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D 11 D' 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layi 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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I : WDM coupler 

3 ; 1.55 >U m transmitter laser diode 

4 : 1,55 ju m monitor photo diode 

5 : 1.30 /I m receiver photo diode 

II : n-InP substrate 

22 : selective growth mask 
Wm : mask width 
Wg : mask gap 
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12 11 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

22 : selective growth mask 



BNSDOCIO: <EP 07621 57 A2„l .> 



135 



EP 0 762 157 A2 



FIG. 3 O D 




11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-slruciure layi 

15 : MQW waveguide layer 

16 : top separate confinement helero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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1.30 fx nn/1.55 fJL m wavelength multiplexing receiving signal 



1.30 /z m wavelength 
transmission signal 




101 : passive region 



102 : active region 



2 : Y-branch 

3 : 1.30' m transmitter laser diode 

4 : 1.30 X/ m monitor photo diode 

5 : 1.30 JUL m receiver photo diode 

9 : second photo diode connection passive waveguide 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bollom separate confinement hetero-structure layer 

15 ; MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 ; bottom separate confinement hetero-siructure layer 

15 : MOW waveguide layer 

16 : lop separate confinement hetero-slruclure layer 

17 ; In? cladding layer 

18 : InP buried layer 
20 : grating 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-slruclure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-slructure layer 

17 : In? cladding layer 

18 : In? buried layer 
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1 1 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : lop separate confinement hetero-slruclure layer 

17 : InP cladding layer 

18 : InP buried layer 
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2 : Y-branch 

3 : 1.30 fJL m iransmilter laser diode 

4 : 1.30 >a m monitor phoio diode 

5 : 1.30 p, m receiver photo diode 

9 : second photo diode connection passive waveguide 

11 : n-InP substrate 

22 : selective growth mask 

Wm : mask width 

Wg : mask gap 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-siruclure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

22 : selective growth mask 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure lay 

15 : MQW waveguide layer 

16 : lop separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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1.30 fJL m/1.55 IX m wavelength multiplexing receiving signal 




3 : 1.30 fJ. m transmitter laser diode 

4 : 1.30 U m monitor photo diode 

5 : 1.30 /i m receiver photo diode 

6 : 1.55 /i m receiver photo diode 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement helero-structure layi 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struclure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 ; n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 ; MOW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
20 : grating 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : InP cladding layer 

18 : InP buried layer 
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2 : Y-branch 

3 : 1.30 m transmitter laser diode 

4 : 130 X/ m monitor photo diode 

5 : 130 ju m receiver photo diode 

6 : 1.55 /Z m receiver photo diode 
11 : n-InP substrate 

22 : selective growth mask 
Wm ; mask width 
Wg : mask gap 
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1.30 p. m/1.55 PL. m wavelength multiplexing receiving signal 




101 : passive region 



102 : active region 



1 : semiconductor substrate 

2 : Y-branch 

3 : 1.30 p. m transmitter laser diode 

4 : 1.30 IJL m monitor photo diode 

5 : 1.30 m receiver photo diode 

6 : 1.55 fjL m receiver photo diode 

7 : 1.55 // m transmitter laser diode 

8 : 1.55 // m monitor photo diode 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure laye 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struciure layer 

17 : InP cladding layer 

18 : InP buried layer 
20 : grating 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement helero-slructure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-slructure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 
' 15 : MQW waveguide layer 

16 : top separate confinement hetero-structure layer 

17 : In? cladding layer 

18 : In? buried layer 
20 : grating 
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1 1 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bouom separate confinement hetero-struclure lay 

15 : MQW waveguide layer 

16 : top separate confinement heterc-structure layer 

17 : In? cladding layer 
IS ; In? buried layer 
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11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : bottom separate confinement hetero-structure layer 

15 : MQW waveguide layer 

16 : top separate confinement hetero-struclure layer 

17 : InP cladding layer 

18 : InP buried layer 
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11 

11 : n-InP substrate 

12 : n-InGaAsP layer 

13 : n-InP spacer layer 

14 : botlom separate confinement hetero-slruciure layer 

15 : MQW waveguide layer 
top separate confinement hetero-struciure layer 
In? cladding layer 
InP buried layer 



16 
17 
18 
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1 : semiconductor substrate 

2 : Y-branch 

3 : 1.30 m transmitter laser diode 

4 : 1 .30 yU m moiiitor photo diode 

5 : 1.30 U. m receiver photo diode 

6 : 1.55 /z m receiver photo diode 

7 -.1.55 p. m transmitter laser diode 

8 : 1.55 JU m monitor photo diode 
22 : selective growth mask 

Wm : mask width 
Wg : mask gap 
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FIG. 4 O 



1.30 fJL m/1.55 IJL m wavelength mulliplexing receiving signal 




101 : passive region 

1 : semiconductor substrate 

2 : Y-branch 

5 : 1.30 /i m receiver photo diode 

6 : 1.55 m receiver photo diode 

7 \\.SS fjLTCi transmitter laser diode 

8 : 1.55 // m monitor photo diode 
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F' I G. 4 1 B 



2 7 




2 : Y- branch 

5 : 1.30 /JL m receiver photo diode 

6 : 1.55 m receiver phofo diode 

7 : 1.55 fjL m transmitter laser diode 

8 : 1.55 /z m monitor photo diode 
1 1 : semiconductor substrate 

22 : selective growth mask 
Wm : mask width 
Wg : mask gap 
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